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ABSTRACT 


The  intestinal  helminth  communities  of  97  birds 
representing  10  species  of  ducks  (widgeon,  Anas  amer icana , 
gadwall,  Anas  strepera ,  mallard,  Anas  pi atyrhynchos , 
blue-winged  teal,  Anas  di scors ,  ruddy,  Oxyura  iamaicensi s , 
canvasback,  Aythya  val isineria,  ring -necked  duck,  Aythya 
col  lari s ,  lesser  scaup,  Aythya  af f ini s ,  bufflehead, 

Bucepha 1  a  a  1 beo 1  a ,  white-winged  scoter,  Mel ani t ta  fusca ) 
were  compared  along  two  resource  axes:  host  (habitat)  and 
intestine  (microhabitat). 

Parasite  communities  in  duck  species  (i.e.,  widgeon) 
which  eat  a  small  proportion  of  animal  foods  had  few  species 
and  individuals  and  showed  little  similarity  between 
communities  of  birds  of  the  same  duck  species.  Parasite 
communities  in  duck  species  (i.e.,  scoter)  which  eat  a  high 
proportion  of  animal  foods  had  a  large  number  of  species  and 
individuals  and  showed  high  similarity  between  communities 
in  birds  of  the  same  duck  species.  The  parasite  communities 
of  the  latter  group  are  composed  of  three  components  (or 
groups  of  parasites).  Characteristic  species  are  frequent, 
usually  abundant  and  mature  exclusively  or  primarily  in  one 
host  species.  Other  common  species  were  either  host 
generalists  or  specialists  in  other  hosts.  The 
character i st ic  and  common  parasite  species  provide  most  of 
the  similarity  and  predictability  between  birds  of  the  same 
duck  species.  The  third  group  of  parasites  were  infrequent 
in  occurrence  and  are  random  elements  in  the  parasite 
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communi ties. 

For  parasite  communities  in  hosts  with  characteristic 
species  cluster  analyses  indicated  that  the  host  species  was 
the  most  important  level  of  habitat.  For  parasite 
communities  without  characteristic  species  the  multispecies 
host  populations  were  the  important  habitat  level. 

The  structure  of  the  parasite  communities  along  the 
second  resource  axis  was  investigated  using  the  linear 
distributional  features  of  the  parasite  species  within  the 
intestines  of  individual  birds.  Most  parasite  species 
occupied  predictable  and  restricted  locations  within  the 
intestine.  Parasite  species  which  occurred  in  more  than  one 
duck  species  generally  occupied  similar  locations.  In 
addition  to  the  predictable  locations  occupied  by  the 
parasites,  their  sequence  of  occurrence  along  the  gut  was 
highly  predictable.  The  arrangement  of  these  locations  was 
more  uniform  than  expected  by  chance.  Some  parasite  species 
were  observed  to  occupy  the  entire  intestine  within 
individual  birds  while  the  average  range  occupied  across  all 
hosts  infected  was  usually  much  less. 

Realized  niches  were  measured  by  distributions  of 
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helminth  species  in  individual  birds.  Fundamental  niches 
were  estimated  by  distributions  of  helminth  species  in  all 
individuals  birds  summed.  For  several  pairs  of  parasite 
species  realized  niche  overlaps  (average  overlaps)  were 
reduced  from  the  fundamental  overlaps  (summed  overlaps). 
These  significant  reductions  in  realized  niche  overlap  are 


v 


. 

/ 


..  • 


interpreted  as  evidence  for  interactions.  The  characteristic 
parasite  species  overlapped  each  other  significantly  less 
than  the  average  overlap  between  other  parasite  species. 

This  reduced  overlap  occurred  despite  the  fact  that 
characteristic  species  had  significantly  larger  ranges  than 
the  other  species.  The  characteristic  species  showed 
evidence  for  interactions  when  they  overlapped.  These 
parasites  appeared  to  form  a  coadapted  unit  in  their 
respective  host  species. 

Infrequent  parasite  species  occurred  rarely  in  host 
species  and  can  be  considered  a  random  component  within  the 
parasite  communities.  Parasite  communities  in  host  species 
with  few  parasites  were  mainly  composed  of  infrequent 
species . 

In  summary,  the  low  number  of  parasites  and  lack  of  a 
characteristic  species  group  in  some  hosts  suggests  these 
parasite  communities  are  primarily  chance  aggregations  of 
helminth  species.  In  other  host  species  the  presence  of  a 
group  of  character i st i c  parasite  species,  with  reduced  niche 
overlap  between  these  species,  suggests  a  highly  predictable 
coadapted  complex  of  parasite  species  co-occurring  in 

A 

association  with  less  predictable  complex  of  parasite 
species . 
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INTRODUCTION 

In  a  recent  review  of  parasite  evolutionary  biology 
Price  (1980)  emphasized  the  following  points  (among  others): 
1)  "Parasites  represent  the  extreme  in  specialized  resource 
exploitation."  and  2)  "Parasites  exist  in  non-equilibrium 
conditions",  in  unsaturated  communities  in  which 
interactions  are  unimportant. 

Price's  first  point  was  based  largely,  but  not 
exclusively,  on  an  analysis  of  host  specificity.  He  compared 
the  number  of  host  species  used  by  parasites  to  the  number 
of  prey  species  used  by  predators  and  concluded  that 
parasites  are  much  more  specialized  in  their  resource 
exploitation.  He  also  called  attention  to  the  large  number 
of  parasite  species  which  use  only  one  species  of  host. 

Rohde  (1978)  analyzed  the  host  specificity  of  marine 
Monogenea  and  Digenea.  The  host  specificity  of  the  former 
group  agreed  with  Price's  hypothesis;  the  latter  did  not. 
Furthermore,  Holmes  and  Price  (1980)  analyzed  data  from  a 
checklist  of  parasites  of  fishes  of  Canada  (Margolis  and 
Arthur,  1979)  and  concluded  that  generalist  parasites  were 
common  in  all  parasite  groups  except  the  Monogenea.  These 
contrasting  patterns  indicate  that  in  any  study,  the  degree 
of  host  specificity  of  parasites  must  be  ascertained 
directly  and  not  assumed. 

Further  support  for  Price's  first  point  (specialized 
resource  exploitation  by  parasites)  is  provided  by  data  on 
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microhabitat  specificity  of  parasite  species  within  host 
individuals.  The  evidence  for  microhabitat  specificity  for 
helminths  is  based  primarily  on  data  in  reviews  by  Crompton 
(1973)  and  Holmes  (1973).  More  recently,  Hair  and  Holmes 
(1975),  Hair  (1975)  and  Bush  (1980)  have  all  demonstrated 
that  the  common  helminth  species  within  the  intestine  of 
lesser  scaup  ( Aythva  a f f i ni s )  occupy  predictable,  restricted 
loacations.  Avery  (1969)  has  shown  a  similar  situation  for 
helminth  species  within  the  intestine  of  mallards  ( Anas 
pi atyrhynchos ) .  In  contrast,  some  parasites  such  as 
Hymenolepi s  diminuta  in  rodents  (Cannon  and  Met  trick,  1970) 
and  Schizorchi s  cabal leroi  in  pika  (Hobbs,  1980)  are  capable 
of  occupying  most  of  the  small  intestine.  In  addition,  some 
species  (eg.,  Schi stocepha 1  us  so  1 i dus )  are  known  to  occupy 
different  locations  in  different  host  species  (McCaig  and 
Hopkins,  1963).  Shifts  in  location  in  response  to  the 
presence  of  other  parasites  have  been  noted  for  some 
species.  H_;_  dimi  nuta  has  been  shown  to  shift  1  oca  ton  in  the 
presence  of  Moni 1 i formi s  dubius  (Holmes,  1961,  1962)  and 
Tr ichinel la  spiral i s  (Silver  et  al.  1981).  Tetrabothr ius 
procerus  has  been  shown  to  occupy  a  more  posterior  location 
when  a  related  species  Xj_  mi  nor  extends  its  distribution 
posteriorly  with  increased  population  sizes  within  the 
intestine  of  fulmar  ( Fu lmarus  q 1 aci a  1 i s )  (Riley  and  Owen, 
1975).  This  latter  group  of  examples  suggests  that  parasite 
species  may  not  be  obligate  microhabitat  specialists,  and 
may  be  capable  of  occupying  more  extensive  ranges  within  the 
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host  individual  than  they  normally  occupy. 

In  an  examination  of  the  literature,  Price  (1980) 
concluded  such  examples  of  interactions  were  rare.  Because 
individual  hosts  are  distributed  in  a  patchy  and 
discontinuous  fashion,  Price  (1980)  considered  that  the 
chance  of  colonization  would  be  low  for  any  single  parasite 
species.  Therefore,  the  potential  for  co-occurrence  of 
several  species  would  be  low  and  the  communities  should  be 
existing  under  non-equi 1 ibr ium  conditions  in  which 
interactions  should  be  unimportant.  Price  (1980)  suggested 
that  the  restricted  microhabitat  distributions  are  a  result 
of  pressures  other  than  competition  but  did  not  indicate 
what  pressures  might  be  responsible.  Rohde  (1979)  has 
suggested  a  noninteractive  mechanism  by  which  microhabitats 
are  restricted  as  a  result  of  selective  pressures  on 
individuals  to  mate  in  sparse  populations.  Individuals  have 
a  higher  probability  of  making  contact  with  other  indivduals 
in  sparse  populations  if  they  restrict  their  microhabitat  on 
or  within  a  host.  In  contrast  to  the  ideas  of  Price  (1980) 
and  Rohde  (1979),  Holmes  (1973)  proposed  that  microhabitat 
specificity  in  parasite  communities  was  a  response  to  past 
competition  (interaction)  with  other  parasite  species. 
Another  interactive  explanation  has  been  proposed  by 
Sogandares-Berna 1  (1959)  and  Martin  (1969)  whereby  parasites 
are  restricted  in  their  microhabitat  distributions  as  a 
mechanism  to  prevent  hybridization.  A  critical  feature  to 
distinguish  between  the  noninteractive  and  interactive  views 
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of  parasite  community  organization  is  whether  the  host  is  a 
patchy  and  ephemeral  resource  for  parasites  as  suggested  by 
Price  (1980).  For  interactions  between  parasite  species  to 
be  important  in  determining  community  structure,  parasite 
species  must  co-occur  regularly. 

Kuris  et  al.  (1980)  have  suggested  three  levels  at 
which  hosts  may  be  regarded  as  habitats  (or  patches)  for 
parasites.  The  first  and  most  important  is  the  host 
individual.  Interactions  between  parasite  species  can  occur 
only  within  the  host  individual.  The  second  level  of  habitat 
is  that  of  the  local  host  population.  The  importance  of 
interactions  at  the  host  individual  level  can  only  be 
measured  by  their  regularity  of  occurrence  in  host 
populations.  For  parasites  which  are  able  to  use  different 
host  species  all  potential  host  species  populations  in  a 
community  may  be  regarded  as  a  single  multispecies 
population.  The  third  level  of  habitat  is  that  of  the  host 
species.  The  importance  of  interactions  in  the  evolutionary 
development  of  the  parasite  community  can  be  closely  related 
to  the  evolutionary  relationships  of  the  host  species  within 
a  community.  The  latter  two  boundaries  of  habitats  can  only 
be  defined  by  the  distribution  of  the  parasites,  not  the 
study.  Individual  hosts  are  the  only  unequivocal  habitats 
for  parasite  species  (Kuris  et  al.  1980).  In  part,  the 
co-occurrence  of  parasite  species  will  depend  on  at  what 
level  different  species  recognize  habitat  boundaries. 
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The  importance  of  both  noninteractive  and  interactive 
forces  in  organizing  communities  of  freeliving  organisms  has 
long  been  recognized  (Whittaker,  1975)..  Wilson  (1969)  has 
integrated  the  two  concepts,  and  their  importance  in  his 
theory  of  community  development.  The  initial  phase  is 
noni nteract i ve ,  in  which  species  are  rapidly  colonizing  a 
new  community,  resources  are  plentiful  and  interactions  are 
unimportant.  The  second  phase  is  interactive,  in  which 
populations  of  individual  species  are  large  enough  that 
species  interactions  are  important.  The  third  assortative 
phase  is  also  interactive,  in  which  colonization  and 
extinction  are.  still  occurring  but  some  species  are  able  to 
persist  longer  by  either  being  better  adapted  to  the  local 
environment  or  by  being  able  to  coexist  with  specific  groups 
of  other  species.  The  final  evolutionary  phase  is 
noni nteract i ve ,  in  which  species  have  adapted  to  coexist 
with  other  species  and  the  environment. 

In  a  discussion  of  the  importance  of  noni nteract i ve  and 
interactive  forces  in  structuring  parasite  communities 
Holmes  and  Price  (1980)  have  aligned  their  contrasting  views 
with  the  first  and  last  of  Wilson's  phases.  Price's  (1980) 
proposal  that  parasite  communities  are  young  is  equated  to 
the  initial  noni nterat i ve  phase,  whereas  Holmes's  (1973) 
suggestion  that  parasite  communities  are  mature  is  equated 
to  the  final  evolutionary  phase.  Holmes  and  Price  (1980) 
have  proposed  a  set  of  predictions  for  parasite  communities 
in  the  initial  noninteractive  phase,  in  which  interactions 
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are  unimportant,  or  the  evolutionary  phase,  in  which 

\ 

interactions  are  reduced  after  having  been  through  the 
interactive  and  assortative  phases  of  community  development. 

Bush  (1980)  has  examined  these  two  opposing  views  with 
reference  to  the  intestinal  helminth  communities  of  lesser 
scaup.  He  demonstrated  there  were  two  components  within  the 
intestinal  communities  of  scaup:  a  deterministic  component 
consisting  of  common  or  frequently  co-occurring  species  and 
a  stochastic  component  consisting  of  infrequent  or  rare 
species.  Comparison  of  realized  niche  overlap  based  on  the 
observed  distributions  within  individual  birds  with 
fundamental  niche  overlap  based  on  the  summed  distributions 
across  all  individual  birds  indicated  that  interactions  may 
be  important  in  maintaining  the  structure  of  the 
deterministic  component  but  not  the  stochastic.  Bush  (1980) 
concluded  that  both  of  the  opposing  views  ( noni nteract i ve 
and  interactive)  were  applicable,  but  to  the  different 
components  in  the  intestinal  helminth  community  of  scaup. 

Studies  by  Cornwell  and  Cowan  (1963),  Graham  (1966), 
Hair  (1975)  and  Bush  (1980)  suggest  that  the  waterfowl 
host-parasite  system  is  an  excellent  one  for  studies  of 
parasite  community  organization.  Individual  birds  provide 
discrete,  recognizable  boundaries  separating  communities  of 
parasites  in  one  individual  host  from  another.  In  addition, 
host  species  and  multi  species  waterfowl  communities  provide 
other  recognizable  boundaries.  The  ease  of  identification  of 
boundaries  for  the  parasite  communities  within  individual 
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hosts  is  a  situation  not  often  encountered  in  freeliving 
communities.  Twenty-four  of  North  America's  45  species  of 
waterfowl  ( Anser i formes )  reproduce  in  the  three  major  biomes 
of  northwestern  North  America.  This  large  number  of 
waterfowl  species  provides  a  diverse  and  abundant  source  of 
hosts  in  which  to  compare  parasite  community  structure. 
Waterfowl  species  are  seasonal  residents  on  the  breeding 
grounds  in  western  Canada  during  which  assemblages  of 
several  waterfowl  species  co-occur  together  locally  on 
single  waterbodies. 

Reviews  by  LaPage  (1961)  and  MacDonald  (1969),  plus  the 
studies  cited  above  indicate  waterfowl  have  a  large  number 
of  individuals  and  species  of  parasites.  The  combination  of 
different  and  abundant  species  of  both  waterfowl  (hosts)  and 
parasites  allows  one  to  examine  the  community  structure  in 
replicate  habitats.  The  replicate  habitats  enables  one  to 
examine  the  potential  importance  of  interactions  in 
organizing  community  structure. 

It  is  my  intention  in  this  study  to  examine  the 
structure  of  parasite  communities  in  ten  waterfowl  species, 
first  examining  structure  across  individual  birds  (Part  II), 
then  within  individual  birds  (Part  III).  Finally  in  Part  IV, 

I  wi 1 1  examine  the  hypothesis  that  parasites  of  waterfowl 
are  specialists,  then  compare  the  community  structures  to 
the  two  opposing  views  proposed  by  Price  (1980)  and  Holmes 
(1973),  using  the  set  of  predictions  outlined  in  their  joint 
paper  (Holmes  and  Price,  1981). 


! 


II . 

STRUCTURE  AND  ORGANIZATION  OF  INTESTINAL  HELMINTH 
COMMUNITIES  ACROSS  INDIVIDUAL  BIRDS 

INTRODUCTION 

Price  (1980)  proposed  that  most  parasite  species  show  a 
high  degree  of  host  specificity  and  are  therefore,  host 
specialists.  In  contrast,  studies  on  parasite  composition  in 
more  than  one  duck  species  indicate  a  high  degree  of  overlap 
in  parasite  species  between  hosts  ( Bever ley-Bur ton ,  1972; 
McLaughlin  and  Burt,  1979;  Shaw  and  Kocan,  1980).  These 
studies  indicate  host  generalists  are  not  uncommon  on  the 
water fow 1 -hos t  parasite  system.  In  a  study  on  a  single  host 
species,  lesser  scaup,  Bush  (1980)  concluded  that  the 
intestinal  helminth  community  of  scaup  had  two  components. 
The  first  was  a  regularly  co-occurring  (recurrent)  group  of 
both  host  specialists  (in  lesser  scaup)  and  host  generalists 
(in  waterfowl).  He  found  that  the  recurrent  group  of 
helminth  species  contributed  most  of  the  similarity  between 
host  individuals.  In  addition,  all  of  the  recurrent  group 
have  been  reported  in  all  three  studies  of  the  helminth 
fauna  of  lesser  scaup  over  a  16  year  period  in  Alberta 
(Graham,  1966;  Hair,  1975;  Bush,  1980).  Bush  (1980)  has 
suggested  these  species  represent  a  highly  coevolved  unit. 

The  second  was  a  stochastic  component,  made  up  of  parasites 
which  were  specialists  in  other  host  species.  Thus,  there 
appear  to  be  three  components  in  scaup:  host  specialists  in 
scaup,  host  generalists  and  specialists  from  other  host 
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species.  The  latter  two  components  may  be  providing  the 
overlap  in  faunal  composition  seen  in  most  host  surveys.  The 
first  group  provides  a  distinct  component. 

The  presence  of  these  three  components  in  the  helminth 
fauna  of  waterfowl  raises  the  question  as  to  what  level (s) 
of  habitat  above  the  individual  host  (i.e.,  host  species; 
host  populations;  multi  species  populations  (Kuris  et  al. 
1980))  reflects  the  structure  of  the  parasite  communities. 

If  each  host  has  a  distinct  parasite  composition  made  up  of 
host  specialists,  (as  suggested  by  Bush,  1980)  these  host 
specialists  will  provide  a  high  degree  of  similarity  between 
individuals  of  the  same  duck  species.  Individual  birds  of 
that  host  species  will,  therefore,  be  more  similar  to  each 
other  than  to  individuals  of  other  species.  Under  these 
conditions,  the  host  species  will  be  the  habitat  level  best 
reflecting  the  parasite  community. 

If  host  species  do  not  have  a  distinct  parasite 
composition,  but  one  consisting  of  host  generalists  and 
parasite  species  exchanged  with  other  hosts,  then 
individuals  of  one  species  may  be  just  as  similar  to 
individuals  of  other  species  as  to  other  individuals  of  the 
same  species.  Under  these  conditions,  the  host  populations 
or  multi  species  populations  will  be  the  habitat  level  best 
reflecting  the  parasite  community.  Two  factors  become 
important  at  the  host  or  multispecies  population  level:  1) 
phylogenetic  relationships  of  host  species  and  2)  ecological 
relationships  (in  terms  of  diet  or  numerical 
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abundance ) be tween  host  species. 

Three  hypotheses  have  been  proposed  to  explain  patterns 
in  helminth  communities  above  the  host  species  level: 

1.  Host  specificity,  or  the  phylogenetic  hypothesis 
(Kotecki,  1970;  Brooks,  1979) 

2.  Diet,  or  the  food  hypothesis  (Dogiel,  1964) 

3.  Density  and  composition  of  host  populations,  or  the 
numerical  dominance  hypothesis  ( Sulgostoska ,  1963; 
Neraasen  and  Holmes,  1975) 

The  phylogenetic  hypothesis,  as  proposed  for  the 
Anseri formes  by  Kotecki  (1970),  states  that  the  parasite 
fauna  is  specific  at  the  host  tribe  level  (i.e.,  Anatini, 
Aythyini).  Johnsgard  (1960,  1961,  1964)  (Fig.  1)  has 
proposed  that  the  Mergini  are  more  closely  related  to  the 
Aythyini  than  to  the  Anatini.  The  Oxyurini  are  considered  to 
have  separated  prior  to  the  Aythyini  and  Mergini  (Delacour 
and  Mayr ,  1945;  Woolfenden,  1961).  Thus,  one  could  predict 
that  the  Oxyurini  (represented  in  this  study  by  ruddy  duck, 
Oxyura  jamaicensi s )  would  show  the  least  similarity  to  the 
other  tribes.  The  greatest  simi lari ty  .should  be  between  the 
Mergini  (represented  by  white-winged  scoter,  Mel ani t ta 

.  it 

fusca ,  and  the  bufflehead,  Bucepha 1  a  a  1 beo 1  a )  and  the 
Aythyini  (represented  by  canvasback,  Aythya  val isiner i a , 
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Figure  1.  Phylogenetic  relationships  of  ten  species  of 
waterfowl  as  proposed  by  Johnsgard  (1961)  and 
Woolf enden  (1961).  (WID  -  Widgeon,  GAD  - 
Gadwall,  MAL  -  Mallard,  BWT  -  Blue-winged  teal 
CAN  -  Canvasback ,  RIN  -  Ring-necked  duck,  SCA 
Scaup,  WWS  -  White-winged  scoter,  BUF  -  Buffle 


head,  RUD  -  Ruddy.) 
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ring-necKed  duck,  Aythva  col  laris  and  lesser  scaup,  Aythva 
af f ini s ) .  All  of  the  duck  species  (within  the  above  three 
tribes)  are  referred  to  as  'divers' . 

Within  the  tribes  with  multiple  representat i ves 
(Anatini,  Aythyini)  the  relationship  between  individual 
species  (Johnsgard,  1961)  can  be  used  to  predict  the 
similarity  in  their  parasites.  Within  the  Anatini,  gadwall, 
Anas  s t repera .  mallard,  Anas  p 1  a tyrhynchos .  and  blue-winged 
teal,  Anas  di scor s .  should  be  similar  to  each  other,  whereas 
widgeon,  Anas  amer i cana .  should  be  more  distinct  (Fig.  1). 
The  duck  species  within  the  Anatini  are  referred  to  as 
'dabblers' .  Within  the  Aythyini,  Johnsgard' s  evolutionary 
relationships  would  predict  the  canvasback  and  ring-necked 
duck  would  be  more  similar  to  one  another  than  either  is  to 
lesser  scaup. 

The  food  hypothesis  proposes  that  species  with  similar 
food  habits  should  have  similar  parasites.  Since  the 
majority  of  parasites  are  transmitted  by  intermediate  hosts 
it  is  possible  to  predict  the  type  of  faunal  similarity  one 
might  expect  to  see  if  diet  was  the  major  influencing  factor 
of  helminth  community  structure.  Unfortunately,  most  studies 
on  food  habits  and  dietary  overlap  in  waterfowl  have  been 
done  on  different  species  combinations  or  on  single  species 
at  different  times  in  different  locations  (see  summary  in 
Swanson  and  Meyer,  1973).  In  addition,  dietary  differences 
have  been  noted  between  male  and  female  birds  for 
canvasback,  blue-winged  teal,  gadwall,  and  scaup.  In  other 
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studies,  data  from  male  and  female  birds  have  not  been 
separated.  Since  sample  sizes  are  small  (n=6)  for  most 
species  in  this  study  comparisons  of  helminths  between  sexes 
is  not  possible.  Therefore,  data  on  food  habits  of  the  two 
sexes  are  combined.  In  addition,  some  studies  classify  food 
items  to  a  "finer"  taxonomic  level  than  do  others.  The 
importance  of  this  is  minor  since  parasites  tend  to  be 
non-specific  at  the  intermediate  host  level.  Few  detailed 
studies  of  life  cycles  in  western  North  America  are 
available,  most  of  the  life  cycles  have  to  be  extrapolated 
from  information  on  life  cycle  studies  from  Eurasia  or 
eastern  North  America,  often  involving  related  species  of 
parasites.  Therefore,  only  the  general  groups  of 
i nver tebrates  will  be  considered  (Table  1).  All  of  the 
studies  on  food  habits  used  in  the  following  analysis  were 
done  in  western  North  America,  except  for  that  on 
ring-necked  duck  (eastern  North  America;  Mendall,  1958). 
Ring-necked  ducks  were  collected  only  on  Cow  Lake,  which 
occurs  in  the  boreal  forest  biome  of  Alberta,  a  similar  type 
of  habitat  to  that  studied  by  Mendall  (1958).  Most  studies 
on  the  food  habits  of  waterfowl  from  the  western  breeding 
grounds  were  conducted  on  sloughs  and  ponds  rather  than 
lakes.  However,  while  the  resource  availability  may  differ, 
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^^kls  1.  Percent  (by  volume)  of  animal  matter  in  the  diet  of  ten  duck  species. 
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the  types  of  organisms  in  sloughs  and  lakes,  particularly, 
the  Known  major  intermediate  hosts  (Amphipoda,  Copepoda, 
Ostracoda),  will  overlap.  I  am  unaware  of  any  study  on  the 
food  habits  of  white-winged  scoter  from  freshwater  habitats 
therefore,  they  are  omitted  from  the  diet  analysis.  Personal 
observation  indicates  scoter  eat  amphipods,  insects 
(Chi ronimidae)  and  sphaerids  most  frequently. 

There  are  major  differences  in  the  food  habits  between 
waterfowl  species,  both  in  the  proportion  of  plant  and 
animal  matter  consumed  and  in  the  proportion  of  major 
invertebrate  classes  consumed  (Table  1).  Widgeon  and 
ring-necked  ducks  consumed  the  smallest  proportions  of 
animal  matter  followed  by  gadwall,  canvasbacks  and  mallards. 
Blue-winged  teal,  bufflehead,  scaup  and  ruddy  all  consumed  a 
high  proportion  of  animal  matter.  Gadwall  and  scaup  consumed 
a  higher  proportion  of  crustaceans  than  the  other  species, 
while  mallard,  ruddy  and  bufflehead  all  consumed  a  high 
proportion  of  insects.  Blue-winged  teal  and  canvasback 
consumed  a  high  proportion  of  gastropods.  The  species  are 
listed  in  Table  1  on  the  basis  of  the  proportion  of  animal 
matter  consumed.  Cluster  analysis  (see  below  for  discussion 
of  cluster  analysis)  using  Euclidean  distance  and  minimum 
variance  algorithm  was  applied  to  the  four  variables 
(%animal  matter,  %Crustacea,  %Insecta,  %Gastropoda)  (Fig. 

2). 
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Figure  2.  Cluster  analysis  comparing  nine  species  of 

waterfowl  with  respect  to  the  kind  and  percent 
of  animal  matter  (percent  of  animal  matter, 
percent  of  Crustacea,  percent  of  Insects,  and 
percent  of  Gastropoda,)  consumed  by  each 
species.  Vertical  axis  represents  Euclidian 
distance  as  a  measure  of  similarity.  (MAL  - 
Mallard,  RUD  -  Ruddy,  BUF  -  Bufflehead,  SCA  - 
Scaup,  WID  -  Widgeon,  GAD  -  Gadwall,  RIN  - 
Ring-necked  duck,  BWT  -  Blue-winged  teal,  CAN  - 
Canvasback . ) 


18 


MAL 
RUD 
BU  F 
SC  A 
W I  D 
GAD 
RIN 
BWT 
CAN 


DISTANCE 


O  cn  co  ~L 


' 


... 


19 


Two  patterns  of  similarity  in  helminth  communities  between 

\ 

the  nine  duck  species  (scoter  not  included)  can  be 
predicted.  The  first  is  based  entirely  on  the  percent  of 
animal  matter  consumed;  blue-winged  teal,  bufflehead,  scaup, 
and  ruddy  should  have  larger  and  more  complex  parasite 
communities.  The  second  is  based  on  the  similarity 
illustrated  by  the  cluster  analysis  of  the  four  variables. 
That  analysis  would  predict  similar  parasites  in  ruddy  and 
bufflehead,  widgeon  and  gadwall,  and  blue-winged  teal  and 
canvasback. 

The  information  used  to  predict  the  pattern  of  parasite 
community  organization  under  the  phylogenetic  and  diet 
hypotheses  overlap.  Anatomy  is  used  to  distinguish  and 
classify  species  and  is  related  to  the  mode  of  feeding 
behaviour  in  waterfowl.  It  is  important  therefore  to 
indicate  whether  or  not  they  can  be  distinguished.  The  major 
difference  between  the  two  hypotheses  is  the  separation  of 
the  three  species  of  Aythyini  in  the  diet  hypothesis 
compared  to  their  similarity  in  the  phylogenetic  hypothesis. 
All  three  species  of  Aythyini  are  more  similar  to  species  of 
different  tribes  than  to  each  other  under  the  diet 

.f 

hypothesis  (Figs.  1  and  2). 

The  numerical  dominance  hypothesis  was  proposed  by 
Sulgostowska  (1963)  who  found  that  the  trematode  fauna  in  a 
group  of  waterfowl  species  on  a  single  lake  was  primarily 
determined  by  the  fauna  of  the  numerically  dominant  host 
species.  Leong  and  Holmes  (1981)  showed  that  within  groups 
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of  related  fish  species  the  parasites  of  the  most  abundant 
hosts  spread  to  the  less  abundant  hosts.  The  present  study 
was  originally  designed  to  test  this  hypothesis  by  examining 
helminth  communities  on  three  lakes  with  very  different 
waterfowl  assemblages.  However,  censuses  of  the  birds  on 
these  lakes  indicated  that  the  relative  numbers  of  different 
species  of  birds  changed  throughout  the  breeding  season  and 
between  years.  As  a  result  the  data  obtained  are  inadequate 
to  test  this  hypothesis  directly.  In  a  few  instances  the 
hypothesis  can  be  examined  indirectly  from  the  point  of 
species  exchange  (spreading  of  parasites  from  one  host  to 
another ) . 
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METHODS  AND  MATERIALS 

Field  Methods 

Prior  to  any  collecting  of  birds  at  each  lake,  the 
waterfowl  populations  were  censused.  Techniques  of  the 
censuses  are  presented  in  Bush  (1980).  Initially,  in  1979 
three  lakes  were  selected  on  the  basis  of  a  different 
composition  of  waterfowl  (based  on  bird  censuses  from  1977 
and  1978;  see  Bush,  1980).  Once  it  was  realized  the 
waterfowl  assemblages  on  the  lakes  had  changed  from  previous 
years  and  continued  to  change  throughout  the  summer,  birds 
were  chosen  from  an  additional  nine  lakes  to  increase  sample 
sizes  of  birds  from  the  initial  three  lakes  (Appendix  1). 
During  1977  and  1978  the  six  numerically  dominant  waterfowl 
species  at  each  lake  were  collected.  During  1979  the  ten 
numerically  dominant  bird  species  were  collected.  During 
1980,  the  five  numerically  dominant  waterfowl  were 
collected.  Immediately  after  each  bird  was  collected,  it  was 
weighed,  the  intestine  tied  off,  removed  and  placed  in  an 
enamel  pan.  Absolute  alcohol  cooled  to  -70  C  with  dry  ice 
was  poured  over  the  gut  completely  freezing  it  in  a  few 
seconds.  The  gut  was  then  labelled,  placed  in  a  plastic  bag 
and  stored  in  a  cooler  of  dry  ice  .  The  intestine  remained 
frozen  until  examination  in  the  laboratory.  The  rapid 
freezing  prevents  the  chance  of  postmortem  movement  by  the 
parasites  and  enhances  ease  of  identification  of  specimens. 
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Laboratory  Methods 

A  total  of  97  birds  have  been  examined  from  the 
collections  of  1977-1980.  Fifteen  of  the  16  scaup  were 
examined  by  A. Bush  (1980)  and  11  of  the  16  mallards  and  2  of 
the  11  widgeon  were  examined  by  K.M. Nielsen. 

In  the  laboratory  the  intestines  were  partially  thawed, 
straightened  and  the  small  intestine  cut  into  twenty  equal 
sections.  The  large  intestine  was  examined  as  one  unit.  The 
caeca  were  thawed,  straightened  and  divided  into  4  equal 
sections.  Each  section  was  stored  in  a  separate  vial  in  the 
freezer  until  examined  .  At  the  time  of  examination,  the 
section  was  placed  in  a  petri  dish  with  saline  and  allowed 
to  thaw.  The  section  was  cut  longitudinally  and  flooded 
gently  with  saline.  This  washed  any  loose  parasites  into  the 
dish.  The  gut  section  was  then  turned  over  and  the  serosal 
side  scraped.  This  technique  removed  those  parasites  which 
had  remained  in  contact  with  the  intestinal  wall  with  little 
damage  to  the  specimens.  The  intestinal  wall  was  then 
examined  for  any  remaining  parasites. 

All  parasites  were  then  counted.  Large  numbers  of 
helminths  in  scoter  and  scaup  necessitated  the  use  of  a 
dilution  technique.  When  more  than  500  helminths  were 
located  in  a  section  all  large  or  heavy  bodied  worms  were 
removed  and  the  remaining  specimens  placed  in  a  100  ml 
graduated  cylinder.  The  contents  were  mixed  thoroughly,  two 
ten  ml  aliquots  were  poured  off,  the  worms  identified  and 
counted.  Counts  were  summed  (if  within  10%,  otherwise  a 
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third  count  was  made)  and  multiplied  by  5  to  estimate  the 
total  number  of  worms  present. 

Helminths  were  identified  in  temporary  water  mounts. 
Where  the  numbers  of  worms  permitted,  representative 
specimens  were  stained  and  mounted  using  standard 
techniques.  Nematodes  and  acanthocepha 1 ans  were  identified 
in  temporary  mounts  after  being  cleared  in  a  1:1  solution  of 
1 actophenol  and  beechwood  creosote. 

Analytical  Methods 

In  general,  the  parasites  from  each  individual  bird 
were  treated  as  comprising  a  separate  community 
(infracommunity).  Where  more  inclusive  community  levels  were 
considered  individual  birds  were  used  as  replicates,  and 
means  and  standard  deviations  were  used  to  quantify  the 
species  of  parasites.  The  data  were  transformed,  using  a  In 
(x+1)  transformat  ion ,  but  not  standardized.  All  statistical 
analyses  were  done  using  the  programs  in  Midas  (Fox  and 
Gui re ,  1 976 ) . 

Evenness  was  calculated  using  the  common  measure  '  J'  , 

which  is  the  Shannon  Weaver  diversity  index  divided  by  the 
,{ 

natural  logarithm  of  the  total  number  of  species  in  each 
sample  (Pielou,  1975).  The  values  range  from  0.0  (only  one 
species  abundant,  others  represented  by  single  individuals) 
to  1.0  (equal  abundances  of  all  species). 

Qualitative  similarity  of  parasite  species  between  host 
individuals  was  measured  by  Jaccard' s  coefficent  of 
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similarity  (formula  11  of  danson  and  Vegelius,  1981).  The 
value  of  the  coefficent  ranges  from  0.0  to  1.0  (low  to  high 
similarity)  such  that  a  0.5  value  indicates  50%  of  the  total 
number  of  species  are  shared  between  the  paired  samples, 
daccard' s  coefficent  is  considered  to  be  one  of  the  most 
reliable  and  interpretable  coefficents  of  species 
association  (danson  and  Vegelius,  1981).  daccard' s 
coefficent  of  similarity  uses  presence  or  absence  data  only, 
measures  co-occurrence  of  parasite  species  between  pairs  of 
host  individuals,  and  does  not  use  cases  in  which  parasite 
species  are  absent  from  both  individuals. 

Quantitative  similarity  between  pairs  of  host 
individuals  was  measured  by  Euclidean  distance.  This  measure 
is  based  on  differences  between  numbers  of  individuals  of 
each  species  found  in  at  least  one  of  the  pairs  of  hosts 
(Clifford  and  Stephenson,  1975).  Euclidean  distance  tends  to 
weight  the  dominant  species  more  heavily  (Whittaker,  1975). 

Cluster  analysis  was  used  to  examine  patterns  of 
similarity  (see  Wishart,  1978  for  discussion  of  clustering 
techniques),  daccard' s  coefficent  was  used  with  the  average 
distance  algorithm  (Wishart,  1978).  Euclidean  distance  was 
used  with  the  minimum  variance  algorithm  (Wishart,  1978). 

Two  methods  of  examining  patterns  of  similarity  in 
communities  are  clustering  of  helminth  species  groupings  (or 
'inverse'  classification)  and  duck  groups  (or  'normal' 
analysis).  The  former  method  groups  parasite  species  by  the 
similarity  of  their  sites  of  occurrences  ( i . e . ,  the  birds 
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they  are  found  in)  the  latter  groups  birds  by  the  similarity 
of  the  parasite  species  occurring  in  them  (Clifford  and 
Stephenson,  1975).  Clusters  from  the  inverse  analysis  were 
compared  to  the  clusters  of  the  normal  analysis  by  the 
following  matrix  method  developed  by  Stephenson  et  al. 
(1972).  Host  groups  were  used  as  columns,  parasite  groups  as 
rows.  The  cells  were  the  number  of  occurrences  (Jaccard 
analysis)  or  the  number  of  individuals  (Euclidean  distance 
analysis)  of  the  appropriate  species  group  in  the  given  host 
group  standardized  by  dividing  by  by  the  number  of  hosts  in 
each  duck  group.  These  standardized  cell  values  were  then 
analyzed  in  two  ways.  Each  value  was  divided  by  the 
appropriate  row  sum  to  give  a  measure  of  the  concentration 
of  the  parasite  group  in  that  host  group,  then  by  the 
appropriate  column  sum  to  give  a  measure  of  the  importance 
of  that  parasite  group  in  that  host  group.  A  value  of  20 
percent  was  considered  to  be  a  significant  proportion  of 
individuals  in  one  cell.  All  values  above  20  percent  were 
chosen  as  the  level  of  concentration  or  importance. 
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RESULTS 

\ 

Species  Composition  and  Distribution 

I  examined  97  birds  belonging  to  10  species  of 
waterfowl.  The  number,  sex  and  weight  of  each  bird  and  the 
lake  and  date  of  its  collection  are  listed  in  Appendix  1. 

One  hundred  and  eighteen  taxa  of  parasites  (species  or 
if  the  material  was  unidentifiable  to  species,  recognizable 
types  of  immature  worms)  were  found  (Appendix  2).  These 
included  100  taxa  of  cestodes,  11  of  trematodes,  4 
acanthocepha 1 ans  and  3  nematodes.  Fifty-one  taxa  were  types 
of  immature  worms  which  could  not  be  positively  identified 
to  species  (characteristics  of  these  taxa  are  given  in 
Appendix  3).  Forty-three  taxa  occurred  in  only  one  or  two 
individual  birds;  all  of  these  taxa  were  found  in  small 
numbers,  except  for  one  ( Parvu 1 a?-mean=209 ) .  These  taxa  were 
eliminated  from  most  analyses,  leaving  a  data  set  of  75 
species  (Table  2).  Sixty-three  of  the  118  taxa  were 
represented  by  mature  individuals  (with  shelled  eggs).  These 
were  treated  separately  in  some  analyses. 

Composition  and  Similarity  of  the  Helminth  Communities 
within  Duck  Species 

Several  summary  indices  were  used  to  compare  community 
structure  between  host  species  (Table  3). 
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Table  2.  The  number  of  birds  infected  and  intensity  of  infection  of  seventy-five  helminth  tnxa  in  ten  species  of  ducks. 


27 


(>*») 


*o 

o  WO 

•  • 

o 


o  o  o 

o  n  cm 

•  •  • 


o>  vo  wo 

O  VO  *-4 


N 

CM 


O 

n 


J3}003 


Mi 

n  • 
— ♦  <r 
-*>.+  * 
n  'O 


o 


CO 


p&o^DUjna 


«  co 

m>  -f| 

^  O 

CM  CM 


vO 


-f  • 

O  CO 

^  r» 

CM  ^4 


O 


n 


co 


dnnos 


«  n 

O  CM 

--H 

•S.  O 

CM  CM 


O 

* 

VO  wo 

M  ON 
— t  CM 


WO 

Ml 

vO  ON 

-M  +  l 


r>»  rM 


>o 


^onp 
.  pO^D3U-2irp>£ 


o 


CO 

M5  -f  I 
^  wo 


vO 


CO 

O  N 

Mr  Ml 

vO  -fl  vO  O 

ON  I 

M  ^  CM  CM 


o 

wo 

nO  +| 


o 

WO 
Ml  +1 
nO  O 
V, 

wo  ro 


on  <h 

•  Ml  Ml  CM 

vO  <y  O  vO  -f  I 

^-f- 1  ^  CO  ^  r^. 

CM  ~4  >T  CM 


nO 

o  co 

^4- 1 

CO  WO 


ippnn 


vo  r>* 
*s>»  CM 


* 

vo 


^  CM 


CM 
Ml  CM 
vO  +1 
O' 
wo  CO 


o 

• 

CO 

Ml 

o  +  I 
***^  o 

M  *-• 


sO 

O  O 
^+1 
CO  CM 


r* 

-»  • 

VO  o 

I 

CM  CM 


paSuj/v-anxg 


ON 

Ml  • 


cm 


o  o 
— «  o 
^4*1 

CO  ^ 


ME 

o 


CO 

• 

M  CO 
O  CM 

—  +  I 

^  CO 

VO  -4 


piexi^H 


»-4 

vO 

• 

• 

WO 

• 

ro 

CO 

• 

mi 

wo 

Ml  ~4 

Ml  CM 

vO  CM 

Ml  CO 

-4 

Ml  WO 

vO  — * 

vO  • 

O 

VO 

r4  r4 

VO  • 

no  4- 1 

NO  • 

*— *  4"  1 

—•  WO 

—•4-1 

»  4 

^4*  1 

•4  CO 

as 

— • 

ON 

^  -H 

^  CO 

—+  ON 

^4-1 

■ —  o 

^4  1 

CO  wo 

CO  WO 

CO  CM 

•“4 

—4  WO 

vo  vO 

CM  — • 

wo  wo 

o 


Xtcnpeo 


wo 

X  CM 


o 

r*  o 
^-fi 

CM  — • 


r^+  I 


uoo3pfrt 


^  CO 

«  -*T 


^  +J 

CM  CM 


.4*1 


WO  M 


C4 

o 

v4 

O 

cu 

cv. 

00 

V 


cl 

u 

* 


3 

o 


s 

Cs 

0 C 


§ 


X 

o. 

w. 

*3 

o. 

o 

r 

••4 

x 

o 

UJ 


o 

o 

V- 


o 

c 

^4 

X 

u 

w 


fl 

D 

CJ 

*0 

i- 

0/ 

*o 

o 

a 


fl 

V. 

3 

to 

>4 

a 

•*4 

» 

-4 

to 

-a 

c 

»— 4 

p 

— < 

o 

H 

o 

«4 

U 

o 

u 

o 

(i 

u 

o 

aJ 

o 

c 

y 

n 

•— * 

o 

u 

c. 

> 

^4 

> 

u 

O 

u. 

w 

4-» 

Cl 

<1 

5 

<3 

CVi 

P-. 


(join)  w,a 


joiods 


dneos 


’pnp 

p3^D3U-3uy>i 


■ji  aeqs  caubq 


XppnH 


poauTn-Drixa 


P*»TTCW 


irc.iptfo 


uoo3pp,«i 


n 


t 


o 


n 

o 


O* 

I  O 


3 

WO 

co 

On 

•-4 

w*> 

«~4 

o 

O 

CM 

O 

o 

• 

• 

• 

• 

• 

• 

• 

NO 

ON 

NO 

CM 

• 

• 

• 

• 

NO 

wo 

'T 

WO 

CO 

« 

O 

w-» 

w-» 

• 

£.n 

• 

CO 

CM 

^4 

CO  CO 

• 

CO 

CO  O 

•— « 

♦  I 

CO  4| 

— •  41 

CO  -4 

-4  O 

***^ 

m-4 

*S  Nj 

**4  44 

^  *M 

CM 

0-4 

v.  O 

CO  *-t 

X  CM 

CO 

—• 

O'  CO 

-4  CM 

On  r4 

N 


vO 


n  »-* 


M  tf> 


^4 

.  m 

CO 

ON 

• 

*  .• 

-*  'J 

♦  •“* 

-*  *o 

no 

NO  • 

nO  44 

no  CM 

-4 

r4  «"4 

^4  NO 

-4  44 

^  44 

^rf  1 

V  CO 

*">.  NO 

m  w-> 

CM  CO 

*c  — • 

ON  *-4 

vO 


vO  vO 

^  + 1 

CM  NO 


NO 

«  • 

NO  O 


co 

«n 

CM 

•>4 

• 

O 

• 

m 

CO 

NO 

-*  —i 

*  44 

CM 

nO  -4 

NO  44 

^  00 

^  NO 

»4 

1  CO  **4 

*0  CM 

nO  -H 
•S,  NO 
NO  —• 


*n 

o  • 


^  +1 

n  co 


o  ^ 

^ +1 
CM  —• 


o  • 

— «  CM 
^  41 

n  n 


*  co 

NO  • 
CM 

n  cm 


«  — • 

NO  CM 


^  CO 
OO  CM 


O' 


•* 


CO 

*  d 

rs 


-f  I 

co 


CO  f4 


O 

« 

vO 

• 

• 

m-4 

• 

0-4 

w—4 

0—» 

~-4 

o 

+  1 

44 

♦1 

CM 

CM 

CO 

.-4 

>4 

U 

• 

V- 

O 

o. 

3* 

1 3 

(4 

H 

c 

a 

u 

«3 

to 

CO 

«3 

V-* 

V4 

to 

3 

• 

r. 

to 

<o 

to 

>4 

la 

v4 

H 

c 

3 

*  3 

NO 

3 

c 

a 

NO 

•3 

»-4 

V# 

u 

O 

u 

v-4 

*3 

r-~* 

.V 

la 

<0 

Cl 

«3 

o 

o 

> 

o 

-O 

N4 

o 

€3 

<y 

VJ 

.2 

N-* 

o 

cx 

0/ 

a 

rj 

u 

v-4 

la 

a 

O 

a 

c 

v-« 

v* 

N4 

o 

U 

*3 

V-« 

r: 

■j 

o 

w. 

3 

u 

0/ 

u 

4> 

u 

o 

1. 

u 

-o 

\si 

♦0 

r- 

o 

o 

3 

L> 

Q  O 

u 

4-J 

L 

A J 

1*1 

n 

r-4 

Va 

4-4 

X 

o  c 

h- 

2 

3 

J 

v4 

Ml 

c. 

< 

to 

Ui 

O 


DlorcM  »  5/11*  3/7*  1  2/6 

<!ar.utac  4l4.7  4i2.6  liO.O 


• 

■ 


29 


»,a 

pa  Supv-aimft 

ptraqatjjng 


dnsas 


•3l3nP 

pa^paa-Saja 


3(aeqs»Aue^ 


^ppna 


1^3 

po3ujn-an^a 


Xienpaj) 


uoa3pjrt 


3 


o 

o 


o 

o 


I 


-T 

cm 


o 

o 


I 


2 


•O 

CM  O 

•  • 


»n 

o 


vO 


o 


o 

%Tk 

o 

• 

• 

• 

o 

CM 

o 

r> 

o 

o 

NO 

*  CM 

• 

**  c-> 

• 

nO  O 

NO  -H 

NO  •-* 

NO  -H 

NO  NO 

NO  41 

NO 

^  -H 

^  44 

v  r* 

^  44 

^  %r\ 

CM  — • 

NO  CM 

<  n 

cm  r> 

n  co 

•A  CM 

CM 

m 

r*^ 

• 

NO 

• 

• 

NO 

r- 

*-4 

«r  oo 

.NO  r4 

nO  44 

NO  41 

*  V.N 

^  NO 

— .  o 

O  -H 

CM  — » 

NO  NO 

O 

*n 

—• 

GO  o  O 

nO  •  «— •  • 

-H  o  -H 

CM  vO  ^  m 


MO 


♦ 

fM 


«  «sT 


.  *1 
o> 


t: 


« 


9 

p 

c 

n 

GO 

«d 

n 

c 

c 

4* 

rj 

u 

O 

O' 

u 

Q 

C3 

(a 

-O 

U 

44 

u 

tn 

u 

« 

« 

4* 

o 

4* 

o 

•— 

o 

o 

>-* 

O 

O 

c 

H 

o 

F. 

o 

r 

O 

-C 

c 

.c 

J=- 

c 

o 

O 

u 

o 

*»* 

o 

i- 

o 

o 

u 

•a 

ii 

c 

M 

c 

ii 

c 

o 

U 

cv 

t* 

u 

o 

^"4 

>. 

»4 

■— < 

*1 

o 

NO 

o 

o 

u 

u 

u 

u 

CV 

*-» 

fcl 

c 

u 

tl 

p 

o 

Q 

P 

ed 

rc 

oc. 

3C±7,1  3  1061162, 6  A91A6.7 


30 


(ion) 


pa3u;n-»imn 


O' 

<N  O 


60 

09 

——4 

—  4 

07 

3 

NO 

C4 

• 

• 

• 

• 

• 

• 

• 

vT 

M 

IN* 

♦ 

• 

n 

n 

• 

co  • 

rt  • 

•— • 

— •  NO 

WO 

— •  OO 

—•  O 

\  • 

NO 

NO 

NO 

CO  r> 

f>* 

*■  4 

O  ON 

n  *-4 

ON 

co 

•M 

r4  -4 

•-4  WO 

♦I 

CO 

ON 

♦1 

H 

CO 

■H 

o 

NO 

ON 

ON 

M 

•—4 

CM 

** 

o 

WO 

n 

r— 4 

•n 

pirotpnjng 


dnirog 


•o 

<M 

4 

• 

<M 

*  i*n 

vo  co 

NO  wo 

— «  41 

— •  +4 

- CO 

*N  no 

CM  CM 

CM  Nj* 

NO  CM 

NO 

NO 

• 

M  CO 

0—  NO 

•Ns.  ro 

^NO 

WO  CO 

4-M<^ 

CO 

-H 

44  r4 

•~4 

*H 

NO 

CM 

«— 4 

Cn 

ON 

H3nP 

po^DDU-2irp>{ 


^oeqs  caupq 


M 

'O  -H 


*  vO 
NO  -H 

- CM 

CM  CM 


o  ^ 
^  A 


Xppna 


on 

*  oo 

O  ♦! 
— •  ^ 
^  CO 
so  NO 


O  wO 
— •  -H 

co 


I»?3J 

poSa-p.n-DQxa 


vo  o  -K  irt 

O  n  o  •  no  • 

— •  +1  r-4  C>  CM 

^  ^  ^+1  -H 

no  co  cm—*  co  m 


o  • 

•—4  «S1 

^  -H 

'J  r>* 


PJeTTEW 


vo 
NO  • 

— •  o 


«  M  o 

nO  •  vO  • 

•-•  O  —•  .-4 


It^peD 


uoo3pjrt 


w 

*0 

3 

3 

.c 

X 

u 

v» 

4 J 

2 

C 

»4 

c 

v/n 

o 

UN 

<4 

*-> 

—* 

o 

c 

O 

c 

—4 

*r4 

o 

^4 

«NJ 

4-4 

> 

■—4 

> 

u 

o 

o 

O 

01 

*NJ 

CJ 

4-4 

c 

H 

4-4 

W- 

o 

<y 

o 

v 

<4 

X) 

6 

o 

o 

to 

to 

E 


C 

C 

•H 

C 

c 

c 

I 

i 


5 

-< 


•> 

o 


o 

c 

o 

2, 

X 


5 


4/16 

1412.2 


31 


Oc">  ».a 

•.a 

■lO  JODS 

potJuTA-aijim 

ppoqaTJjna 


dnFOg 


^onp 

pO^OOO-3cTf}£ 


^DBtJSBAUeQ 


Xppny 


IWJ 

paairpA-aa^a 


Xienpeo 


o 


I 


3 


O 

O 


I 


3  S 


o 

• 

o 

vO 

r-4 

NO 

• 

00 

• 

NO 

M 

• 

■  4 

•* 

«  — . 

♦  cm 

♦  n 

n  O' 

n  — • 

<o  41 

co 

n  io 

r-*  41 

•M  CM 

— •  no 

— •  44 

•“« 

00 

-H 

X  r-4 

r*  m 

»  -4 

no  • 

M  O 

O  O 

•-<  n 

co 

^4  fS 

r-# 

vO 

3 


«  n  h 


co  n 

n  cm 


o 


n 


o 


cm 


cn 

•"4 

• 

ON 

-* 

vO 

^4 

vO 

vO 

•-4 

vO  44 

vO 

• 

•—4 

44 

VO 

r-4 

*0 

*V^, 

n 

^  n 

44 

n 

co 

<  — • 

NO 

* 

CM 

ON 

CM 

•»  »* 

vO 

• 

vo 

r^ 

r4  VO 

44 

^  44 

CM 

NO  sy 

~3 

w> 

o* 


r-4 

O 

■*  —• 

O 

4t 

vO  44 

CO 

vO  CM 

r-4  r4 

<  fv 

*s'4  44 

—4 

vO  44 

CM  CO 

vT  r-4 

V  CO 

'T  -<r 


3 

ON 

CM 

4C  —• 

O 

o 

vO  44 

vO  NO 

vO 

*»  41  NO 

4T  Ov 

vO 

^  44 

•— 4 

vO  CM  vO  44 

vO  4* 

^  O' 

CO  NO 

r— 4 

^  \  O 

N.  vO 

— •  cm  -r 

CO  NO 

vO 
O  CN 


o 

CM 

O  -T 

• 

o> 

NO  * 

Ov 

• 

CO 

• 

4t 

4C  • 

CM  4C 

4t  O 

VO  o 

vO  CM 

vO  ^ 

vO 

VO  r-4  O 

VO  r-4 

•— •  CO 

-4  r- 

-•  X* 

r-4 

—  +  |  —  O 

— *  44 

^  44 

41 

^  o 

—  — * 

^  O  ^  >T 

r-4 

r-4  %J 

CM  CO 

CM  ~4 

r-4 

CM  — •  r-4 

CM  <7N 

— »  CO 

— *  vO 

CM 
^  44 

n  vj 


o 

«  • 

— •  »n 

— «  41 


no  — • 


to 

■v4 

fV 

00 

*4 

c\ 

CD 

4> 

•o 

—4 

o 

01 

4-4 

o. 

—4 

UN 

CD 

44 

o 

c 

•*4 

.O 

•0 

£ 

« 

-4 

a 

CJ 

rj 

*-* 

N4 

3 

O 

01 

a. 

01 

cx 

3 

01 

v 

Vw 

a 

H 

0) 

V4 

o. 

01 

4-4 

o. 

n 

a 

■H 

Q> 

1/1 

CD 

c 

Ct 

UN 

a 

—4 

«/ 

o 

(j 

<4 

0/ 

—• 

r-« 

r-4 

o 

r-4 

-»4 

r-4 

o 

r-4 

c 

r-4 

r-4 

o 

r-4 

r4 

•—* 

o 

UN 

o 

n 

o 

o 

N-* 

C^  O 

a 

o 

o 

o 

> 

o 

■— « 

c 

U 

r 

N-. 

c 

a 

r. 

O 

o  C 

#-4 

c 

c 

N~ 

c 

i- 

c: 

to 

o 

fD 

o 

o 

a 

il 

<j 

U  a 

o 

i/ 

4/ 

O 

£* 

r? 

■3 

a 

X 

V*-4 

P 

X 

w- 

5 

X 

a 

X 

a 

^  B 

3T  x 

0 

(] 

i 

s 

X 

c. 

!! 

X 

cx 

JJ 

X 

cx 

£ 


uoaSpjfl 


Hvpcp.olepls  1/6*  9/16* 

^■ur^a:a  79  1721332.5 


32 


(3im)  „,a 

*.a 

J3JOD3 

pa3if)pft-aimrt 

P^iaiJjna 


dneoj 


^onp 

pa5paa-2u-jg 


TptgsBAueo 


^PPnH 


X*** 
po3trf  n-an^g 


PJ*tl*W 


XIs.npBO 


VI 

• 

on 

cm 

Mr  — • 
M3  -H 

•V  Cl 
<T  »0 
CM 


ON 
nO  CM 


X  CM 
CM  CM 


3 


O 

o 
•  • 


3 


NO 

co 

CO 

0-4 

CM 

CM 

o 

O 

0-4 

0-4 

• 

• 

CM 

• 

CM 

Mi  r- 

oo 

Ml 

cl  no 

Cl  • 

Cl 

Cl  CM 

Cl  Cl 

— •  Cl 

— «  On 

— •  n 

— •  ->* 

*v  — • 

*V,  NO 

v*  • 

"V  41 

r4 

NO  o 

— •  co 

Cl  Cl 

CM  Cl 

CM  MC 

♦1 

— •  r>» 

*m  «y 

0-4 

Cl 

NO 

•H 

ON 

-T 

oo 

CM 

•H 

NO 

NO 

CM 

CO 

NO 

0-4 

NO 

o 


M  —•  -sf 

o  a  6 


ci  oo 
— •  CM 


>f  -M 
r» 
no 


cn 

♦  »0 
NO  NO 

—•  o 

no  -ft 
— •  co 

CM 

CM 

CO 


no  VO 

^  ON  ^ 

•-•ON  *-4 


« 

NO  NO 
— •  CO 
V  CM 
NO  — « 


£ 

0-4 

o 


CM 

no  i>T 

•H  Cl 
Vi  r*  * 


co 

NO 


»ci 
NO  • 
— •  CO 


NO 
Mt  • 
NO  Cl 
^  -H 
CM 


*  • 

NO  NO 


o  —• 

CM  — • 


* 

o  o 
— •  <r 

^  ON 

o  -H 

»~«  ON 
NO 


"V  CM 

rs  n 


o 
r*  cm. 

^  4i 
CO  Cl 


c* 

2 

o 

0-4 

cy 

c- 

O 

*-< 

> 

> 

? 

>< 

c 

a 

3 

V-* 

u> 

v> 

u 

u 

5 

x 

o. 

o 

*• 

« 

4 i 

U5 

u 

V) 

(A 

o 

00 

• 

«0 

04 

—4 

v« 

w* 

V-« 

-Q 

—4 

(A 

Vi 

H 

V-* 

Vi 

a 

>N 

L 

CV 

NrM 

a 

■— « 

a 

-r— 

a 

Ct 

M 

M 

O 

<LI 

o 

u 

-M 

o 

CM 

4/ 

41 

41 

O 

04 

o 

li 

0-4 

O 

0-4 

o 

H 

C 

H 

0-4 

t—4 

r-M 

t> 

o 

O 

o 

c 

C  o 

N-. 

o 

o 

O 

o 

o 

o 

c 

o 

to 

c 

— • 

o  c 

•.  • 

c 

> 

c 

c 

p 

c 

*— « 

c 

CO 

a 

Q 

C  a ; 

r- 

<u 

o 

41 

V 

o 

4 -» 

■*-« 

O 

n 

v» 

^  P 

tO 

4-J 

P 

q 

p 

(1 

O 

1* 

> 

CL 

> 

•^ 

>< 

> 

q 

x 

CO  X 

X 

X 

X 

Q  x 

X 

-5 

u 

uoo3pxft 


ZcMnocotyle  QQQ  2/11*  6/7*  4/10* 

5*1.4  4i4.l  1±0.5 


'* 


(JOB]'}  o,a 


3 


o 


f 


CM 

n 


m 

n 


J01OD3 

pa8if7A-9i|t||| 


o 


m 

o 

m 

CM 

CM 

n 

CM 

m 

• 

• 

• 

• 

4t 

vO 

4r  oo 

*«  «n 

41 

CM 

• 

n 

• 

co  • 

CO  • 

n 

o 

n 

*-•  <r 

— •  oo 

41 

m 

^  44 

4f 

m 

n 

-41 

oo  CO 

Ov 

vO 

M  o 


3 


^  CA 
^  41 
r-%  co 
•o 


4i 

O 


'O  44 
O 


peaqaXJjng 


•—4  4  — « 

•  «0  M 

o  N  H  44 

*^44  ^  O 

N  CM  —« 


N 

o 


O  r4 
^  41 
CM  <S 


ft  • 

vO  «0 
V  41 

n 


dnso$ 


•o 

vo  —i 


X  o 
n  cm 


o 

* 

vO  vO 
— •  IO 
^  44 
m  vo 
•H  <N 


*  o 

VO  • 


»  41 

M 


*  r> 

vO  • 

— •  n 


*  <r 

vO  • 
*-•  C4 


^onp 

p^pau-3uj}{ 


*sT 
4t  . 

vO  o 


« 

VO  r4 


4t  • 
vO  <M 


00 

co 

qj 


^ocqspAue^ 


<r 

*  • 
vo  m 

^  44 

in  n 


m 

4t  ^ 
vO  44 


vO 

4t  — • 
sO  44 
\  sO 


vo  n 
^+1 


O 

4r 

vO  O 


o 

X 


Xppn>j 


p33uxn-anxa 


PJBXXL’H 


XXe.->pB-j 


r>  in 
n 


s 


«  • 

vO  CN 


ft 

vO  CN 


ft  CM 
O  • 
<-*  CO 
^  44 
N  CO 


*  — • 
n 


o. 

o» 

c 


o 

O  44 

— <  o 


«n 

4r 

VO  ^4 


4t 

o  m 

•-4  • 

V»  vO 
O  44 
•— *  CO 


m 

«  • 
fS  r4 


QJ 

X 

kJ 

in 

in 

in 

^4 

X 

#-4  cn 

5  i! 

o.  a 

CO 

3 

u 

w. 

phus 

10 

3 

°1 

CO 

3 

X 

o 

*4 

a 

o 

44 

CJ 

*»-4 

u. 

u 

u 

ia:a 

3 

x . 

O 

a 

CJ  u 

o 

U 

^  -4 

W. 

u 

10 

*4 

a 

■H 

<0 

c/ 

(] 

> 

u 

o  o 

*-» 

o 

•H 

o 

n 

O 

V) 

*  *-« 

44 

^  a 

O 

© 

o 

i  u 

c 

li 

U. 

n 

i- 

F 

C 

■o  *-• 

r— 4 

to 

»-* 

o 

c/ 

o 

> 

s 

n 

V 

o 

O  »4 

c 

V< 

Dio 

H 

>H 

r-4 

o 

Acant 

Pol 

u 

r-C 

o 

p. 

u 

o 

A- 

a 

w» 

3 

u 

*4  a 

e 

03 

c. 

«3| 

O 

cv 

J 

o 

u 

c 

<y 

«  • 

Cl  0 

»4  O 

CV.  -4 

U 

CJ  < 

.C  -r4 

W  > 

cj 

S  nj 

jO- 

*o 

T>  M 

o  <0 

4J  *0 

«  c 

o  •  *o 

vl  *0  W 

-o  V  <ft 

c  c 

>M  t-4  © 

fl  C 
CO  O  Q 

a  x 

CJ  44 


®  O  *4 
a>  u 
■H  W  « 
U  4Mm 

c 


£3 


©  3 
C  V* 
JC  o 
4J  ^  O. 

c 

•H  ■O  « 
D  cj  © 


u 

3 


aj 

© 


<4 

a. 


o 

x 


X 

o 


^4 

*3 

44 

• 

CJ  «  *T3 

4t  m 

4C  CM 

4c  _« 

4r  <n 

U  -o  u 

3 

vo  CN 

vO  • 

vo  cn 

vo  • 

-*  m 

3  w  %4 

41 

— •  ^ 

—•  41 

e-4  r>4 

NO  • 

U  M  ^ 

tf 

^  vO 

^  41 

\  co 

'S  —• 

— •  o 

3  43  _ 

v4 

GO  CN 

cm  >y 

vy  cn 

O  44 

V.  44 

a  -o 

—•  GO 

m  -4 

IM  Qf 

Q 

CJ 

.c 


o 


u 

o 


© 

CJ 

3 

H 

© 

> 


O  *rM 
CJ  « 

^  ^  x 

C  3  U 


CN 

jC 

H 

ftf  r-M 

•o 

• 

kJ 

4X  CJ 

a 

ft 

cn 

41 

41  NO 

ft  in 

a» 

> 

CJ 

•-4 

oo 

•-4  • 

X 

"O 

H-a 

v« 

*-4 

4| 

^4  -+ 

o 

<J 

U 

O  JC 

ja 

•N. 

m 

**^CM 

41 

>4 

v4 

■H 

u 

CO 

m 

•— c 

m  vy 

—4 

jC 

U  *o 

o 

4J  *4 

X 

a 

o 

•3  t 

o 

n4 

•+4 

u 

3  X> 
c 

X 

«  CJ 

w  j)  u 
«  ej  *u 
o  3  «j 
»  5£  X 

I  I  I 

♦  <  « 


uoa3pTrt 


34 


• 

•H 

v> 

C 

•  ^  r~N 

*o  sr 
^  v^ 

^ 

H  o  rv 
V“>  ^ 

^'S 

CO 

•H 

^-s 

H  rH 
rH  *H 

V-»  V/ 

O  VO 

VO 

CM 

o 

CM 

mt 

m 

CM 

cn 

CM 

CM 

co  <o 
•H  CM 

co 

CM 

•  • 

u 

cJ 

o 

c 

•H 

£  P-4 

•H 

•H 

O 

p-H 

SO 

13 

pH 
»— 4 

0-4 

CM 

22 

27 

23 

to 

CJ 

*rH 

O 

<u 

CU 

r- 

o 

o 

o 

o 

o 

o 

o  o 

o 

»-4 

CM 

cn 

VO 

p— 4 

VO 

crv  in 

c 

CM 

o 

•—4 

p-4 

o 

0—4 

o 

O  O 

o 

O 

• 

p 

w  +l 

1  +1  +1 

+i  +i 

1  +1 

+  1 

+  1  +1 

+1 

o 

o 

VO 

VO 

o 

0—4 

to  CM 

CO 

o 

31 

m 

r4 

CTV 

o 

•H 

cn 

tr»  cn 

o 

-H 

•o 

c 

d 

cn 

m 

CM 

CM 

CM 

r4 

CM 

0—4 

— •  O 

0—4 

U 

<0 

•H 

■> 

<n 

o 

• 

• 

ft) 

03 

-r-f 

• 

* 

•  o 
o 

CO 

o 

VO 

CO 

cn 

O 

o 

O  OV 

o 

03 

d 

CO 

CM 

• 

r4 

• 

CO 

m 

0—4 

• 

CO 

• 

• 

3- 

•  • 

0-4  m 

• 

IS 

03 

c 

cj 

cr» 

o 

-3- 

VO 

VO 

O  _! 

CM 

d 

o 

r-4 

c-H 

pH 

3- 

m 

CO  VO 

CM 

u 

H 

0-4 

co 

Cr\ 

to 

U 

co 

CM  . 

a 

E 

M  +| 

+1 

+  1 

+  1 

+  1 

+1 

+1 

+!  +! 

+  1 

+1 

m 

o 

-3- 

o 

3 

VO  (v 

VO 

CO 

co 

co 

CO 

crv 

m 

CO 

VO  p-H 

is 

c: 

CO 

CO 

o 

VO 

r4 

-i  / 

P-H 

p— 4 

co 

o 

CO 

cm  cn 

o 

CO 

cl 

o 

Cl 

c 

c 

CM 

• 

CM 

E 

•k 

o 

OJ 

cj 

cu 

> 

GO 

CJ 

e 

•* 

■* 

o 

CO 

n 

CT\ 

VO 

to 

«n 

m 

CM 

— i 

CO 

| 

c 

• 

n 

• 

• 

co 

• 

CO 

• 

■3- 

• 

Mt 

• 

O 

•  • 

in  o\ 

• 

3- 

o 

o 

•o 

•H 

• 

CO  +| 

+  1 

+  ! 

+  1 

+  1 

+  1 

+1 

+i  +i 

+  1 

0) 

o 

> 

m 

cr» 

O 

O 

Cn 

o  o 

sr 

O 

*o 

c 

•H 

w-4 

p—4 

0-4 

-H  CM 

p— 4 

-H 

O 

CJ 

cu 

to 

u 

CJ 

JO 

E 

3 

CO 

a 

«*H 

C3 

c 

o 

CO 

a 

H  r- 

CTv 

o 

CM 

p-4 

CO 

r-  co 

CO 

tJ 

W 

Cl 

p. 

O  *— « 

(-4 

0—4 

CM 

CM 

CM 

co 

sr 

3"  3’ 

3- 

QJ 

o 

*o 

•H 

o 

CO 

5= 

J3 

E 

CJ 

-H 

-H 

> 

U 

O 

QJ 

CU 

r~ 

3 

o 

-H 

CU 

ca 

~u 

c: 

a 

03 

ca 

C 

T-f 

r-4 

cu 

to 

C 

-H 

o 

c 

o 

E 

H 

CJ 

•C 

cd 

Vr 

TZ 

• 

CO 

o 

»-4 

VO 

MO 

VO 

r>» 

10 

13 

VO  VO 

0—4 

91 

a 

4-3 

O 

43 

U-l 

o 

Vi 

*w 

O 

Ji 

OJ 

cr. 

O 

3 

«d 

£ 

o 

u 

VM 

O 

h 

CJ 

JO 

o 

CJ 

cu 

to 

M 

■H 

a 

V 

rH 

CU 

CJ 

> 

•rH 

U 

a 

» — i 

3 

O 

J3 

E 

3 

C 

c: 

CJ 

J3 

£ 

3 

e 

c: 

c 

c 

o 

> 

o 

c 

*»H 

O 

Vi 

CJ 

J3 

O 

iJ 

c 

o 

c 

3 

:z: 

3 

~o 

OJ 

CJ 

cj 

03 

QJ 

CO 

03 

CJ 

CO 

c 

a 

o. 

D 

CJ 

O 

E 

d 

to 

E 

3 

O 

d 

CJ 

E 

d 

CJ 

E 

d 

o 

E 

e 

3 

C 

a 

cu 

• 

o 

CJ 

c 

•H 

a 

to 

n 

c 

ci 

X 

rH 

•H 

03  JO 

v 

o 

c 

o 

rH 

1  M 

U  CJ 

h 

m 

cj 

r— 1 

CJ 

..  CO 

•a 

i 

to 

H 

SM 

CJ 

* 

1 

CJ  rH 

CJ  Cl 

U  4J 

vd  3 
•H  > 

o 

m 

t-* 

o 

X: 

•u 

•a 

C  O 

•o 

3  cl 

•H  O 

*H  cT 

IT) 

M 

CJ 

t-* 

■H 

I* 

3 

p: 

P5  tJ 

3 

« 

CJ 

O 

rH  CJ 
«  U 

.C  O 

rs  w 

5  c> 
xi  u  i 

CJ 

tH 

jZ 

to 

M 

W 

x: 

o 

■ 


35 


Total  number  of  helminth  species  in  each  bird  species  varied 
from  17  (widgeon)  to  48  (canvasbacK,  scaup).  The  mean  number 
of  species  varied  from  5  (widgeon;  range=1-10)  to  20 
( canvasbacKs ;  range=9-30).  Although  all  birds  were  infected 
one  mallard  and  one  widgeon  had  only  one  helminth  species 
each.  The  proportion  of  common  helminths  (>50%  of  the  birds 
infected)  in  each  host  species  varied  from  4%  (bufflehead) 
to  42%  (scoter)  in  each  duck  species  (Table  3). 

Widgeon  had  the  lowest  number  of  individuals  (85; 
range=3-304 ) ,  white-winged  scoter  had  the  highest  (28,087; 
range= 1 , 082- 1 28 , 660 ) .  The  effect  of  the  number  of  birds 
sampled  on  the  total  number  of  parasite  species  within  each 
host  was  examined  by  plotting  the  cumulative  number  of 
species  recovered  with  increasing  numbers  of  individuals 
sampled.  Birds  were  arranged  randomly  (random  numbers 
table).  Mallard,  gadwall,  bufflehead,  canvasback  and  scaup 
all  appear  to  continue  to  increase  numbers  of  parasite 
species  with  increased  number  of  hosts  examined  (Fig.  3). 
Blue-winged  teal,  ring-necked  duck,  scoter  and  possibly 
widgeon  and  ruddy,  all  appear  to  reach  an  asymptote  in 
species  accumulation  (Fig.  4).  Most  species  had  accumulated 
50%  of  the  final  total  species  number  by  the  third  bird.  The 
only  exception  was  scaup  which  required  5  birds  to 
accumulate  50%.  Mallard,  widgeon,  gadwall  and  bufflehead 
required  more  than  50%  of  the  birds  sampled  to  accumulate 
75%  of  the  helminth  species.  Blue-winged  teal  and  ruddy 
requi red 
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Figure  3*  Cumulative  number  of  intestinal  helminth 

species  in  the  number  of  birds  examined  of  each 
duck  species.  (GAD  -  Gadwall,  BUF  -  Bufflehead, 
CAN  -  Canvasback,  SCA  -  Scaup,  MAL  -  Mallard.) 
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NUMBER  OF  BIRDS 


Figure  4.  Cumulative  number  of  intestinal  helminth 

species  in  the  number  of  birds  examined  of 
each  duck  species.  (RUD  -  Ruddy,  RIN  -  Ring 
necked  duck,  WWS  -  White-winged  scoter,  WID 
Widgeon,  BWT  -  Blue-winged  teal.) 
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half  of  their  samples  to  accumulate  75%,  while  canvasbacK, 
ring-necked  duck,  scoter  and  scaup  required  less  than  50% 
The  number  of  lakes  from  which  birds  were  examined  may 
have  an  important  effect  upon  the  total  number  of  parasite 
species  found  in  each  host  species.  For  example,  the  number 
of  helminth  species  in  widgeon  from  three  lakes 
(Rattlesnake,  Charron,  Be  1 1 sh ill)  was  4,  11  and  13, 
respectively.  Each  lake  had  species  not  found  in  birds  from 
the  other  lakes  ( Rat t lesnake- 1 ,  Charron-3,  Bel  1 shi 1 1 -4 ) . 

Rank  correlation  (Spearman's)  was  used  to  examine  the 
effects  of  sample  size  of  birds  and  number  of  lakes  examined 
on  the  number  of  parasite  species,  in  each  species  of  host. 
Neither  the  number  of  helminth  species  nor  the  mean  number 
of  helminth  species  in  each  host  species  was  correlated  with 
either  number  of  birds  or  number  of  lakes  sampled 
( Rho=0 . 38 ; 0 . 33 ; 0 . 44 ; 0 . 35 ,  respectively).  The  number  of 
mature  parasite  species  per  duck  species  was  correlated  with 
both  total  numbers  and  mean  numbers  of  helminth  species 
( Rho=0 . 73 ; 0 . 70 ,  respectively). 

Similarity  between  individuals  of  the  same  duck  species 
were  compared  using  the  Jaccard  coefficent  of  similarity. 
Mallards,  widgeon,  buffleheads  and  ring-necked  ducks  all  had 
low  similarity  between  individuals  (Table  4). 
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Approximately  50%  of  the  pairs  within  this  group  had  0  to 
25%  similarity.  Gadwall,  blue-winged  teal,  ruddy, 
canvasbacK,  scoter  and  scaup  all  had  the  majority  050%)  of 
individuals  with  26  to  50%  similarity.  Only  scoter  and  scaup 
had  a  large  proportion  of  pairs  with  similarity  values 
greater  than  50%.  Mean  similarity  varied  from  a  low  of  14% 
in  bufflehead  to  a  high  of  46%  in  scoter. 

Several  of  the  measures  of  community  structure  were 
significantly  correlated  (Fig.  5).  Of  special  interest  were 
the  positive  intercorrelat ions  between  the  proportion  of 
common  species,  the  mean  similarity,  and  the  mean  number  of 
individuals.  Duck  species  with  a  large  number  of  individuals 
have  a  high  number  of  common  species  and  a  high  similarity. 

Similarly,  the  total  number  of  species,  the  mean  number 
of  species  and  the  number  of  mature  species  were  positively 
i ntercorre 1  a ted .  Each  of  these  three  measures  was  negatively 
correlated  with  evenness  (J).  This  pattern  differs  markedly 
from  that  normally  reported  in  the  literature  on  freeliving 
communities,  in  which  the  number  of  species  and  evenness  are 
either  unrelated,  or  commonly,  positively  correlated 
(McNaughton  and  Wolf,  1979).  In  this  study  the  opposite 
occurred,  as  species  numbers  increased  the  equitability  in 
species  abundances  decreased  (approached  0.0). 

The  only  significant  correlation  between  these  two 
groups  of  measures  (mature  species,  evenness,  mean  number  of 
species  and  mean  number  of  individuals,  number  of  common 
species,  similarity) 
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Figure  5.  Significant  intercorrelations  between  seven 

measures  of  community  structure  ( S-  total 

number  of  species;  S  -  total  number  of  mature 

m 

species;  E-  evenness;  S-  mean  number  of  species; 
I-  mean  number  of  individual  worms;  N  -  number 
of  common  species;  SIM-  mean  similarity  within 
each  duck  species  (Jaccard's  Coefficient)). 
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was  a  positive  correlation  between  the  mean  number  of 
species  and  the  number  of  individuals.  These  patterns  of 
intercorrelation  suggest  that  differences  in  the  community 
structure  of  the  parasites  of  the  different  duck  species  can 
be  measured  by  three  variables:  mean  number  of  species 
(complexity),  mean  number  of  individuals  (size)  and  mean 
similarity.  Plotting  these  three  values  on  a  graph  indicates 
a  loosely  structured  cline  of  duck  species  from  low 
complexity,  small  size,  and  low  similarity  to  high 
complexity,  large  size  and  high  similarity  (widgeon  to 
scoter)  (Fig.  6).  Gadwall  and  ruddy  both  had  high  similarity 
but  low  or  moderate  levels  of  complexity  and  size,  and 
therefore  contribute  to  the  loose  structure  of  the  cline. 

Faunal  Similarity  between  Duck  Species 

The  number  of  parasite  species  shared  by  different 
pairs  of  host  species  is  presented  in  Fig.  7.  Similarity 
between  pairs  of  host  species  was  also  compared  using  the 
Jaccard  coefficent,  calculated  on  all  parasite  species 
occurring  within  each  duck  species.  No  species  pairs  had 
high  similarity  (>50%).  Canvasback  had  a  relatively  high 

.f 

degree  of  similarity  (>40%)  with  mallard  and  scaup;  widgeon 
with  gadwall  and  ruddy;  and  buffleheads  with  ring-necked 
ducks . 
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Figure  6.  Arrangement  of  ten  species  of  waterfowl  along 
three  measures  of  helminth  community  structure 
Size  (A)  (mean  number  of  individuals) ,  Com¬ 
plexity  (B)  (mean  number  of  species) ,  and 
Similarity  (C)  (Jaccard's  Coefficient) , 
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Figure  7.  Number  of  helminth  species  shared  (lower  left 
triangle)  and  similarity  values  (upper  right 
triangle)  (Jaccard's  Coefficient)  between  duck 
species.  (GAD  -  Gadwall,  WID  -  Widgeon,  RUD  - 
Ruddy,  BWT  -  Blue-winged  teal,  BUF  -  Buffle- 
head,  RIN  -  Ring-necked  duck,  MAL  -  Mallard, 
CAN  -  Canvasback,  SCA  -  Scaup,  WWS  -  White¬ 


winged  scoter.) 
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Cluster  Analysis  of  Individual  Birds 

Initially  all  cluster  analyses  were  done  using  all  118 
taxa.  Little  difference  was  noted  between  the  analyses  on 
118  and  75  taxa  (43  rare  species  removed).  Because  of  their 
infrequent  occurrence  and  low  numbers,  the  43  species 
contributed  little  to  the  similarity  between  individual 
birds;  they  were  not  be  used  in  the  subsequent  analyses. 

Analysis  of  qualitative  similarities  of  the  75  taxa 
formed  9  distinct  clusters  ( I - 1 X )  and  1  cluster  (X)  (Fig.  8) 
of  individuals  with  little  similarity.  All  individuals  of 
the  three  duck  species  (ruddy,  scoter,  blue-wi nged  tea  1 ) 
formed  separate  single  species  clusters  (Fig.  8).  In 
addition,  all  scaup  (16/16)  cluster  with  3  (of  6) 
canvasbacKs,  all  gadwall  (7/7)  clustered  with  2  (of  11) 
widgeon  and  most  of  the  ring-necked  ducks  (5/6)  clustered 
with  1  (of  6)  canvasback  and  1  (of  16)  mallard.  In  addition, 
smaller  single  species  clusters  may  be  determined  within 
some  of  the  larger  clusters  (e.g.,  cluster  I-mal lards  2,  3, 
8,  9;widgeons  1  to  4).  In  general,  individuals  of  one 
species  did  tend  to  cluster  with  other  individuals  of  the 
same  species;  for  six  of  the  ten  species  of  ducks,  this 
cluster  involved  almost  all  of  the  birds.  However, 
individual  widgeon,  mallards,  canvasbacks  and  buffleheads 
either  did  not  cluster  together,  or  formed  small  clusters, 
unrelated  to  others  of  the  same  species. 
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Figure  8.  Cluster  analysis  (normal)  of  similarity  values 
of  occurrence  of  seventy— five  parasite  taxa  in 
individual  birds  of  ten  species.  Vertical  axis 
represents  similarity  values  of  Jaccards  Co¬ 
efficient.  Vertical  arrow  with  solid  circle 
indicates  groups  with  50  percent  of  greater 
sinilarity .  (WID  -  Widgeon,  GAD  -  Gadwall, 

MAL  -  Mallard ,  BWT  -  Blue-winged  teal,  RUD  - 
Ruddy,  CAN  -  Canvasback,  RIN  -  Ring-necked 
duck,  WWS  -  White-winged  scoter,  SCA  -  Scaup.) 
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Considering  the  large  number  of  species,  similarity  at 
the  50%  level  is  considered  to  be  high.  Seventeen  clusters 
are  apparent  at  this  level:  10  were  pairs  of  individuals  (of 
which  9  were  of  the  same  duck  species),  2  were  triplets  of 
single  species  (widgeon  and  ruddy),  one  is  a  group  of  four 
individuals  (3  gadwall  and  1  widgeon),  and  the  other  two 
were  single  species  groups  of  nine  scaup  and  .10  scoter. 

The  splitting  of  four  species  of  ducks  into  two  or  more 
groups  of  individuals  indicates  a  more  complex  pattern  of 
similarity.  For  example,  in  cluster  VI,  three  canvasbacks 
clustered  with  a  group  of  scaup;  in  cluster  I,  2  canvasbacks 
clustered  with  mallards  and  widgeon;  in  cluster  VIII,  the 
remaining  canvasback  clustered  with  the  ring-necked  ducks. 
The  first  3  canvasbacks  had  high  species  numbers  (>20),  the 
last  3,  low  species  numbers  (<16).  In  part,  the  patterns 
were  associated  with  differences  between  lakes.  Three  of  the 
four  mallards  in  cluster  IV  were  collected  from  Rattlesnake 
Lake.  Widgeon  were  split  into  4  groups  (clusters  I,  II,  IX 
and  X).  Widgeon  in  cluster  I  were  all  from  Charron  Lake. 
Individuals  in  cluster  II  (with  gadwalls)  were  a  mated  pair 
collected  from  Be 1 1 sh ill  Lake,  where  gadwalls  were  common, 
and  both  contained  a  parasite,  otherwise  restricted  to 
gadwalls.  A  second  pair  of  widgeon  collected  from  Bell  shill 
Lake  clustered  in  group  X  along  with  other  birds  with  few 
parasites.  The  differences  between  these  two  pairs  from  the 
same  lake  suggests  variation  in  parasite  availability  within 
lakes  as  well  as  between  lakes. 
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An  analysis  of  quantitative  similarities  (using  the 
Euclidean  distance  analysis)  distinguished  a  number  of  major 
clusters  similar  to  those  of  the  Jaccard  analysis  (Fig.  9). 
Ruddy  formed  a  single  species  cluster  of  all  individuals  in 
group  11;  scoter  formed  two  separate  single  species  groups, 

7  (2  birds)  and  13  (all  the  rest);  blue-winged  teal  formed 
two  single  species  groups,  5  (6  birds)  and  8  (3  of  remaining 
4).  Eleven  (of  16)  scaup  formed  a  single  species  group  while 
3  scaup,  all  collected  from  Fleeinghorse  Lake,  clustered 
with  4  (of  6)  canvasbacks .  The  three  canvasback  were  the 
same  individuals  clustering  with  the  scaup  in  the  Jaccard 
analysis.  Five  (of  7)  gadwall  grouped  wi th  the  same  widgeon 
as  in  the  Jaccard  analysis.  The  most  obvious  difference 
between  the  analyses  of  the  qualitative  and  quantitative 
data  was  the  tendency  to  separate  what  were  single  species 
groups  in  the  former  into  different  groups  in  the  latter. 
Blue-winged  teal  were  separated  into  a  group  with  high 
numbers  of  species  and  individuals  (group  8,  3  of  10  birds, 
all  collected  from  Be  1 1 sh ill  Lake  in  1979)  and  one  (group  5) 
with  low  numbers.  The  two  (of  13)  scoter  in  duck  group  7  had 
fewer  species  and  lower  numbers  of  individuals  compared  to 
the  remaining  scoter  (Table  5).  The  group  of  3  ring-necked 
ducks  in  cluster  6  were  all  collected  in  1977.  The 
ring-necked  ducks  collected  in  1979  entered  individually 
into  clusters  2  and  3. 
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Figure  9. 


Cluster  analysis  (normal)  of  similarity  values 
of  numbers  individuals  of  seventy-five  parasite 
taxa  in  individual  birds  of  ten  duck  species. 
Vertical  axis  represents  similarity  values  of 
Euclidian  distance.  (WID  -  Widgeon,  GAD  - 
Gadwall,  MAL  -  Mallard,  BWT  -  Blue-winged  teal, 
RUD  -  Ruddy,  CAN  -  Canvasback,  RIN  -  Ring- 
neck  duck,  WWS  -  White-winged  scoter,  SCA  - 
Scaup.) 
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Table  5.  Mean  number  and  range  of  helminth  species  and  individuals 

within  each  duck  group  as  derived  by  cluster  analysis  using 
Euclidean  distance. 


Duck 

Groups 

N* 

Mean  Number 
of  Species 

Mean  Number 
of  Individuals 

1 

6 

8  (5-10) 

133 

(18-319) 

2 

6 

10  (4-15) 

368 

(23-1,453) 

3 

13 

4  (1-9) 

27 

(3-123) 

4 

3 

7  (5-9) 

232 

(109-399) 

5 

6 

8  (3-16) 

147 

(16-274) 

6 

6 

10  (3-19) 

392 

(66-1,151) 

7 

2 

7  (6-8) 

1,803 

(1,082-2,525) 

8 

3 

13  (10-16) 

2,534 

(840-4,586) 

9 

10 

11  (7-20) 

263 

(60-660) 

10 

6 

11  (8-18) 

238 

(77-461) 

11 

6 

8  (5-10) 

1,680 

(304-2,627) 

12 

8 

20  (8-31) 

1,110 

(81-1,784) 

13 

11 

21  (16-27) 

32,866 

(5,727-128,660) 

14 

11 

14  (10-23) 

33,031 

(3,130-83,548) 

*N  -  number  of  ducks  in  each  duck  group 
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Host  species,  lake,  and  to  a  lesser  extent,  year  or 
regions  within  a  lake  may  all  affect  the  similarity  in  the 
community  structure  of  parasites  of  waterfowl. 

Niche  Breadth  of  Helminth  Species 

Niche  breadth  (B'a,  using  equation  31  of  Hurlbert, 

1978)  was  calculated  for  those  parasite  species  for  which 
mature  individuals  were  found  (Table  2).  The  index  (B'a) 
requires  a  measure  of  resource  abundance  in  its  calculation. 
I  used  the  sample  size  of  each  host  species  as  a  measure  of 
resource  abundance.  Values  of  B'  a  can  range  from  0.0  for  a 
parasite  found  in  only  one  host  species  to  1.0  for  an 
extreme  generalist,  found  in  equal  abundances  in  all  host 
species.  Calculated  values  of  B'a  ranged  from  0  to  0.66 
(Table  2).  Twenty-one  parasites  (of  63  which  matured)  could 
be  classified  as  specialists  (B/a<.10).  Echi noparyphi urn 
recurvatum  was  included  in  this  group,  even  though  this 
species  occurred  in  9  of  the  10  host  species.  Most 
individuals  of  this  species  occurred  in  one  host  species 
(canvasback)  with  one  of  the  smaller  sample  sizes  (6).  Two 
of  the  parasites,  Apatemon  qraci 1 i s  and  Corynosoma 
constr ictum  had  B'  a  values  of  greater  than  0.5,  indicating 
they  are  relatively  broad  generalists.  The  relation  between 
niche  breadth  (B'a)  and  the  number  of  hosts  in  which  a 
species  occurs  is  illustrated  in  Figure  10. 
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Figure  10. 


Relationship  between  helminth  niche  breadth 
(B*a)  and  the  number  of  hosts  infected  with 
mature  helminth  species  individuals.  (Specie 
numerical  codes  are  peesented  as  listed  in 
Appendix  2.) 
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Niche  breadth  of  mature  individuals  indicated  a  similar 
range  from  extreme  host  specialists  (0.0)  to  one  species  ( A . 
graci 1  is)  with  a  value  greater  than  0.5  (Table  2).  Six 
species,  including  C_^  cons tr i ctum .  had  calculated  values  of 
greater  than  0.25. 

Habitat  specialist  and  generalist  are  relative  terms 
which  can  be  defined  in  different  ways.  The  simplest 
definition  of  a  specialist  is  a  species  which  occurs  in  only 
one  habitat.  A  generalist  is  a  species  which  occurs  in  all 
habitats.  This  definition  however,  does  not  take  into 
account  relative  abundances  of  the  organisms  or  the 
availability  of  different  habitats.  Thus,  the  terms  can  be 
defined  by  using  a  measure  of  niche  breadth  that  takes  into 
account  relative  abundances  and  relative  resource 
avai 1 abi 1 t iy .  Another  definition  of  specialist  and 
generalist  involves  the  fitness  of  the  species.  A  specialist 
has  maximum  fitness  in  one  habitat,  a  generalist  has  equal 
fitness  across  all  habitats  (Rosenzwieg,  1981). 

Unfortunately,  most  studies  do  not  have  all  information 
necessary  to  apply  the  last  two  def ini  tons.  In  the  above 
analyses  ( B #  a  and  B' a  (mature))  I  have  examined  the  latter 
two  definitions.  For  those  species  which  occur  frequently  in 
a  host  species  B' a  (mature)  is  a  good  measure  of  niche 
breadth  as  related  to  relative  fitness. 
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Similarity  in  Occurrence  of  Helminth  Species  (Inverse 
Analysis ) 

Jaccard' s  coefficent  of  similarities  among  parasite 
species  indicated  12  major  parasite  species  groups  (Fig.  11; 
A"L ;  see  Appendix  4  for  species  names).  Cluster  A  contains 
eight  of  the  fifteen  most  widespread  species  in  the  entire 
data  set  (Table  2).  Mean  niche  breadth  (B'a)  was  highest  for 
group  A  (Table  6).  Five  groups  had  mean  niche  breadth  (B'a) 
of  less  than  0.1  indicating  they  are  composed  primarily  of 
relative  host  specialists. 

Seven  groups  of  interest  were  noted  at  the  50% 
similarity  level  (Fig.  11;  solid  arrows):  one  pair  of  widely 
distributed  species;  and  one  pair  of  parasites  found  in 
scaup,  three  triplets,  one  group  of  five  species  and  another 
group  of  nine  species  found  primarily  in  a  single  host 
species  each. 

The  Euclidean  distance  dendrogram  included  seventeen 
major  species  groupings  (Fig. 12;  AA-QQ;  see  Appendix  5  for 
species  names).  Cluster  AA  contains  4  of  the  most  prevalent 
species.  Mean  niche  breadth  was  highest  for  this  group 
(Table  6).  Five  groups  had  mean  niche  breadth  values  of  less 
than  0.1. 
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Figure  11.  Cluster  analysis  (inverse)  of  seventy-five 

parasite  taxa  using  similarity  values  of  their 
occurrences  in  ninety-seven  birds  of  ten  duck 
species.  Vertical  axis  represents  similarity 
values  of  Jaccard's  Coefficient.  (Species 
codes  for  each  parasite  group  A-L  are  listed 
in  Appendix  4.) 
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Table  6.  Mean  breadth  (B'a)  in  helminth  groups  derived 
by  the  Jaccard  and  Euclidean  cluster  analyses. 


Jaccard 

Helminth  Groups 

B'a* 

Euclidean 

Helminth  Groups 

B'a 

A 

.29  ±  .16 

AA 

.35  ±  .21 

B 

.15  ±  .06 

BB 

O 

i — 1 

• 

+1 

i — 1 

• 

C 

.16  ±  .07 

CC 

.17  ±  .21 

D 

.09  ±  .09 

DD 

.13  ±  .14 

E 

.14  ±  .10 

EE 

.26  ±  .10 

F 

.08  ±  .08 

FF 

.12  ±  .08 

G 

.20  ±  .11 

GG 

.13  ±  .04 

H 

.11  ±  .00 

HH 

.05  ±  .06 

I 

.09  ±  .04 

11 

.05 

J 

.06  ±  .06 

JJ 

.14  ±  .02 

K 

.08  ±  .08 

KK 

.11 ±  .08 

L 

.16  ±  .16 

LL 

.07  ±  .00 

MM 

.17  ±  .11 

NN 

.15  ±  .06 

00 

.04  ±  .04 

* 

PP 

.08  ±  .01 

QQ 

.14  ±  .07 

* 

B'a  - 


mean  niche  breadth 
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Figure  12.  Cluster  analysis  (inverse)  of  seventy-five 

parasite  taxa  using  similarity  values  of  their 
occurrences  of  numbers  of  individuals  in 
ninety-seven  birds  of  ten  duck  species. 
Vertical  axis  represents  similarity  values  of 
Jaccard's  Coefficient.  (Species  codes  for 
each  parasite  group  AA-QQ  are  listed  in 
Appendix  5.) 
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Common  and  Characteristic  Species 

Stephenson  et  al.  (1972)  have  developed  a  method  to 
compare  these  groupings  of  'normal'  and  '  inverse'  analyses 
by  constructing  a  summary  coincidence  table. 

Comparison  of  the  parasite  and  duck  groups  selected 
from  the  Jaccard  analysis  (Fig.  13;  values  in  Appendix  6) 
indicated  parasite  group  A  did  not  concentrate  (>20%  of  the 
individuals  of  a  parasite  species)  in  any  one  duck  group  but 
was  important  within  all  groups.  This  group  also  had  the 
highest  mean  niche  breadth  value  (Table  6).  Each  of  the 
other  groups  was  concentrated  in  one  or  two  duck  groups.  In 
duck  group  I  and  IV,  parasite  group  A  appeard  to  be  the  only 
important  (>20%)  group.  All  other  duck  groups  had  at  least 
one  other  important  parasite  group. 

Where  a  parasite  group  was  concentrated  in  a  given  duck 
group  and  also  was  important  in  that  duck  group  the  parasite 
group  can  be  regarded  as  character izing  that  duck  group.  Six 
of  the  duck  groups  were  characterized  by  one  of  the  parasite 
groups  (Fig.  13).  All  of  these  duck  groups  were  dominated  by 
a  single  duck  species.  Several  of  these  parasite  groups  had 
mean  niche  breadth  values  of  less  than  1.0  (D,  I,  J,  K).  The 
remaining  4  duck  groups  were  not  character i zed  by  parasite 
groups.  All  of  these  duck  groups  were  a  composite  of  host 
species.  No  parasite  group  char acter i zed  more  than  one  duck 
group,  and  no  duck  group  was  character i zed  by  more  than  one 
paras i te  group . 
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Figure  13.  Concentration  of  helminth  species  groups 

across  (+)  duck  groups  and  importance  of  hel¬ 
minth  species  groups  within  (0)  duck  groups 
derived  by  cluster  analysis  using  Jaccard  s 
Coefficient  of  similarity.  (©)  -  helminth 

species  groups  characterizing  duck  groups). 
(See  text  for  further  explanation) . 
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The  same  procedure  was  repeated  using  duck  species 
instead  of  duck  groups  (Fig.  14).  It  is  not  surprising  that 
that  parasite  species  groups  which  character ized  duck  groups 
dominated  by  single  duck  species,  also  characterized  the 
same  duck  species  (Table  7). 

The  same  analyses  were  run  on  data  from  the  Euclidean 
cluster  analysis  (Figs.  15  and  16).  The  group  of  generalists 
(AA)  was  smaller  and  not  as  important  in  all  duck  groups. 
Some  parasite  groups  often  character ized  two  duck  groups. 
Usually  (e.g.,  BB,CC),  but  not  always  (e.g.,  QQ),  the  two 
groups  comprised  the  same  duck  species.  Some  duck  groups 
(11,  13,  14)  were  also  characterized  by  two  parasite  groups. 
These  features  illustrate  the  greater  differentiating  power 
of  the  Euclidean  analysis. 

In  the  analysis  using  duck  species,  six  duck  species 
were  char acter i zed  by  7  of  the  same  parasite  groups  which 
had  characterized  the  duck  groups.  Five  of  these  duck 
species  were  the  same  as  those  characterized  by  parasite 
groups  in  the  Jaccard  analysis.  Ring-necked  duck, 
characterized  by  a  Jaccard  parasite  group,  was  replaced  by 
the  mallard,  characterized  by  a  Euclidean  helminth  group. 
Widgeon,  bufflehead  and  canvasback  could  not  be 
character i zed  by  any  species  group  from  either  the  Jaccard 
or  Euclidean  distance  cluster  analyses. 
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Figure  14. 


Concentration  of  helminth  species  groups  de¬ 
rived  by  cluster  analysis  using  Jaccard  s 
Coefficient  of  similarity  across  (+)  duck 
species  and  the  importance  of  helminth  species 
within  (0)  duck  species.  The  notation  ©  in¬ 
dicates  the  helminth  species  group  which 
characterizes  the  duck  species.  (See  text  for 
further  details  and  explanation) .  , 
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Figure  15. 


Concentration  of  helminth  species  groups 
across  (+)  duck  groups  and  the  importance  of 
helminth  species  groups  within  (0)  duck  groups 
derived  by  cluster  analysis  using  Euclidean 
distance.  (©  -  helminth  species  groups 


characterizing  duck  groups) . 
further  explanation) . 


(See  text  for 
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Figure  16.  Concentration  of  helminth  species  groups  de¬ 
rived  by  cluster  analysis  using  Euclidean 
distance  across  (+)  duck  species  and  impor¬ 
tance  of  helminth  species  groups  within  (0) 
duck  species.  (©  -  helminth  species  groups 
characterizing  duck  species) .  (See  text  for 
further  explanation) . 
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The  above  analyses  were  done  to  determine  if  duck 
species  (or  groups)  have  distinct  parasite  groups.  Because 
the  analyses  included  species  which  occurred  infrequently 
(<3  birds)  some  of  the  parasite  species  groups  include 
species  which  were  found  in  less  than  50%  of  a  duck  species 

m 

sample.  In  addition,  some  of  the  helminth  species  did  not 
mature  in  any  of  the  ducK  species.  Only  those  parasite 
species,  within  parasite  groups  which  characterized  duck 
species,  which  occurred  in  more  than  50%  of  any  duck  species 
sample  and  matured  will  be  considered  a  characteristic 
species.  Species  of  parasites  which  character i zed  the  above 
host  species  in  the  Jaccard  and  Euclidean  analysis 
overlapped  extensively  (Tables  7  and  8).  Only  one  species, 
Pol ymorphus  ma r i 1 i s ,  characterized  two  different  duck 
species,  scaup  in  the  Jaccard  analysis  and  white-winged 
scoter  in  the  Euclidean  analysis.  However,  P_;_  ma  r  i  1  i  s  rarely 
matured  in  scoter;  I  consider  it  to  be  a  characteristic 
parasi te  of  scaup . 
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Table  8.  Comparison  of  helminth  species  groups  characterizing  the  duck  groups  and 
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*  Duck  group  number  -  number  of  individual  birds  /  total  number  of  birds  for  each  duck  species  (see  Figure  9) 
**  Denotos  characteristic  Bpociea  of  helminths. 
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Species  Exchange 

The  majority  of  parasite  species  which  matured  in  the 
waterfowl  occurred  in  2  or  more  duck  species.  Only  seven 
species  occurred  exclusively  in  one  duck  species.  In 
contrast,  15  of  the  parasites  which  matured  occurred  in  5  or 
more  duck  species  and  nine  of  these  matured  in  5  or  more 
host  species.  Thus,  ducks  are  not  isolated  habitat  units,  at 
the  host  species  level  but  allow  considerable  parasite 
exchange  (the  spreading  of  a  parasite  species  from  a  primary 
host  to  another,  via  an  infective  pool  of  intermediate 
hosts).  A  primary  host  is  defined  by  Holmes  et  al.  (1979)  as 
the  species  which  maintains  the  greatest  proportion  of 
mature  individuals  in  the  system,  and  depends  in  part  on 
host  population  sizes,  data  which  I  do  not  have.  For 
purposes  of  this  study  the  potential  primary  host  will  be 
that  duck  species  with  the  highest  abundance  (prevalence  x 
mean  number  of  individuals  in  infected  hosts)  of  mature 
individuals  of  a  parasite  species.  That  parasite  must  also 
occur  in  >50%  of  the  individuals  of  that  duck  species 
(because  of  small  sample  sizes). 

Because  populations  sizes  of  host  species  are  an 

if 

important  factor  in  determining  primary  hosts,  the  greater 
the  number  of  host  species  in  which  a  parasite  species 
matures  the  more  important  the  relative  host  population 
sizes  become  in  assessing  in  which  host  that  parasite 
species  has  the  greatest  reproductive  potential,  and 
contribution  to  the  infective  pool.  Therefore,  regional 


' 
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population  sizes  of  waterfowl  (Turner  and  Weaver,  1977)  were 
also  considered  when  assigning  a  host  species  as  the 
potential  primary  host.  For  this  reason  I  considered  eight 
parasite  species  which  occurred  in  eight  or  more  host 
species  separately.  (A  ninth  species,  Pol ymorphus  mar i 1 i s . 
has  already  been  identified  as  a  characteristic  species  of 
scaup  despite  its  wide  host  range).  Two  of  these  species, 
Echi noparyphi urn  recurvatum  and  Hymenolepi s  hopki nsi  had 
mature  individuals  concentrated  in  one  host  species  (Table 
9).  Large  numbers  of  mature  H_;_  hopki  nsi  were  found  in 
gadwall,  with  lesser  numbers  in  mallard.  However,  since 
mallard  are  the  dominant  waterfowl  in  this  region  it  cannot 
be  determined  which  is  the  primary  host.  The  mature 
individuals  of  H_j_  hopki  nsi  in  mallard  could  be  contributing 
more  to  the  infective  pool  than  those  in  gadwall.  It  is 
clear  however,  that  the  dabblers  are  the  primary  hosts.  Both 
the  prevalence  (dabblers-36%  vs  divers-15%;  G-test)  and 
intensity  (number  of  worms  in  each  individual)  (dabblers-54 
+  58.9  vs  divers-9  +  127.3;  Mann  Whitney  U-test)  were 
significantly  different  between  the  groups.  Mature  E . 
recurva turn  were  concentrated  in  canvasback.  Canvasback 
populations  are  relatively  sparse  (10th  in  abundance;  Turner 
and  Weaver,  1977)  in  this  region  and  cannot  be  considered  as 
the  primary  host.  Mature  Pol ymorphus  contor tus  and 
Corynosoma  constr ictum  had  the  greater  majority  of  their 
mature  individuals  in  dabblers.  For  P_;_  contor  tus  both 
prevalence  and  intensity  were 
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numbor  of  hosts  infcctod  /  number  of  birds  examined. 
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significantly  higher  than  in  divers  (prevalence: 
dabblers-48%  vs  divers  9%;  intensity:  dabblers-25  +  32.8  vs 
divers-11  +  11.2).  For  C^_  cons tr i ctum  prevalence  was 
significantly  different  but  not  intensity  (prevalence: 
dabblers-52%  vs  divers-11%;  intensity:  dabblers-8  +  18.5  vs 
divers-2  +  1.1).  Greater  numbers  of  mature  individuals  of 
Apa temon  qraci 1 i s  were  found  in  divers  (prevalence: 
dabblers-39%  vs  divers-57%;  intensity:  dabblers-26  +  83.8  vs 
divers-32  +  59.5).  The  intensity  was  significantly  different 
but  prevalence  was  not.  Notocotylus  at tenuatus ,  Capi 1 1 ar i a 
anat i s  and  F imbr i ar i a  f asciol ar i s  could  not  be  associated 
with  any  host  species  or  group.  These  eight  parasite  species 
are  considered  to  be  host  generalists. 

Of  the  other  55  parasite  species  which  matured  in  one 
or  more  hosts,  28  did  not  occur  in  more  than  50%  of  any  one 
host  species  sample.  It  is  unlikely  that  such  hosts  would  be 
the  primary  hosts  in  the  system.  Instead,  it  is  possible  the 
potential  primary  hosts  of  these  species  are  other 
waterbirds  not  examined  in  this  study.  All  but  two  of  the 
remaining  parasite  species  (Table  10)  were  identified  as 
character i st ic  parasite  species  by  either  the  Jaccard 
analysis  or  the  Euclidean  analysis.  Two  exceptions,  Diorchis 
n.sp.  TT  and  Anat i nel 1  a  spinulosa,  were  present  in  6/6  and 
4/6  individuals  respectively,  and  matured  only  in 
canvasbacks.  On  that  basis  I  consider  them  to  be 
character i st ic  species  of  canvasbacks. 
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Hymenolepi s  f aus t i ,  was  selected  as  a  characteristic  species 
of  mallards  by  the  Euclidean  distance  analysis  but  mature 
individuals  were  abundant  in  canvasbacK.  Mallards  are 
abundant  in  this  region,  while  canvasbacK  are  sparse,  thus  a 
primary  host  for  faust i  cannot  be  determined  (nor  can  it 
be  considered  a  characteristic  species  of  mallard).  The  same 
arguments  hold  for  two  other  species,  Cotyl urus  hebr a i cus ,  a 
characteristic  species  of  ruddy  according  to  the  Jaccard 
analysis  but  with  mature  individuals  common  in  scaup,  and 
Pi cranotaeni a  coronu 1  a  a  characteristic  species  of  scaup  by 
the  Euclidean  analysis,  but  with  mature  individuals  common 
in  mallards.  Primary  hosts  of  these  three  species  cannot  be 
determined;  they  will  be  omitted  from  some  of  the  subsequent 
analyses.  In  general,  comparison  of  the  character i s t i c 
parasite  species  with  the  primary  hosts  and  their  parasite 
species  agrees  with  the  Jaccard  analysis.  The  Euclidean 
analysis  may  be  more  useful  in  partitioning  parasite  species 
within  host  groups  (i.e.,  parasite  species  which  may 
characterize  host  individuals  collected  from  one  lake  and 
not  another).  Therefore,  I  regard  those  species  selected  by 
the  Jaccard  analysis  (with  the  exceptions  noted  above),  and 
those  species  for  which  single  primary  host  species  can  be 
determined,  as  characteristic  species  (specialists)  of  that 
host.  These  species  are  indicated  in  Tables  7  and  8.  All  of 
these  species  had  low  B' a  (mature)  values  indicating 
specialization  in  resource  use  (Table  2). 
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The  characteristic  species  which  occurred  in  more  than 
one  duck  species  were  examined  for  exchange  to  other  host 
species  (Fig.  17).  Most  of  the  exchange  occurred  between 
divers,  or  from  divers  to  dabblers,  which  had  well 
established  character i st ic  species.  Very  little  exchange 
occurred  between  the  dabblers.  The  greatest  amount  of 
exchange  involved  the  spread  of  characteristic  species  of 
scaup  to  other  ducks. 


Figure  17. 


Number  of  helminth  species  exchanged  from 
primary  hosts  to  other  duck  species.  (MAL  ~ 
Mallard ,  WID  -  Widgeon,  GAD  -  Gadwall,  BWT  - 
Blue-winged  teal,  SCA  -  Scaup,  WWS  -  White¬ 
winged  scoter,  RUD  -  Ruddy,  CAN  -  Canvasback, 
RIN  -  Ring-necked  duck,  BUF  -  Bufflehead) . 
Numbers  refer  to  parasite  species  from  pri¬ 
mary  host  to  other  duck  species. 
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DISCUSSION 

Price  (1980)  supported  his  conclusion  that  parasites 
are  specialists  primarily  by  comparing  the  number  of  host 
taxa  used  by  parasites  to  the  number  of  prey  items  used  by 
predators.  Holmes  and  Price  (1980)  conducted  a  similar 
analysis  of  the  range  of  host  taxa  used  on  a  list  of 
parasites  of  fishes  of  Canada  (Margolis  and  Arthur,  1979); 
they  concluded  that  generalists  are  not  uncommon.  Using  the 
same  analysis  on  my  data,  nine  of  the  75  parasite  species 
found  in  three  or  more  birds  were  found  in  eight  or  more 
species  of  hosts,  and  only  18  were  found  in  only  one  species 
of  host. 

However,  it  is  clear  that  the  presence  or  absence  of  a 
species  in  a  host  is  not  a  good  measure  of  specialization. 
Quantitative  methods  (cluster  analyses,  B' a  measures) 
revealed  a  wide  range  of  degrees  of  specialization,  again 
spanning  the  complete  range  from  total  generalists  to  those 
concentrating  their  individuals  in  only  a  single  host 
species.  The  best  measure  of  whether  a  parasite  species  is  a 
specialist  or  generalist  involves  an  assessment  of  its 
reproductive  fitness  across  host  species  (i.e.,  B'a(mature) 
or  primary  host  analysis).  Within  this  study,  only  seven 
parasite  species  were  host  specific,  occurring  and  maturing 
in  only  one  duck  species.  Seventeen  others  occurred  in 
several  hosts  but  maintained  most  of  their  reproductive 
populations  in  one  host  (primary  host).  These  specialist 
parasites  char acter i zed  the  parasite  communities  in  their 
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host  species. 

Another  large  group  of  parasites  occurred  in  only  one 
host  but  occurred  so  infrequently  (or  did  not  mature)  that 
referring  to  these  parasites  as  specialists  may  be 
misleading.  They  may  be  specialists  in  other  hosts  not 
examined  in  this  study.  Three  parasite  species  could  be 
identified  as  broad  generalists,  and  four  others  as  relative 
generalists  which  maintain  most  of  their  reproductive 
potential  in  either  dabblers  or  divers.  Another  parasite 
species  had  significant  worm  populations  of  mature 
individuals  in  one  host  species,  with  sparse  bird 
populations,  and  occurred  in  eight  others  and  is  considered 
a  broad  generalist.  In  addition,  three  species  had  large 
populations  of  mature  individuals  in  two  or  more  unrelated 
host  species.  Clearly,  the  data  indicate  considerable 
exchange  of  parasites,  which  does  not  support  Price's 
conclusion  that  parasites  are  specialists  at  the  host 
species  level. 

Two  critical  features  of  the  water  fowl - i ntest i na 1 
helminth  system  are:  1)  parasites  are  ingested  with  the  food 
items  of  the  final  host  and  2)  once  ingested  by  a  host  they 
cannot  actively  transfer  to  another  host.  As  a  consequence 
those  parasites  ingested  by  a  hos.t  other  than  the  primary 
host  (common,  since  most  diets  of  the  duck  species  overlap), 
would  be  selected  for  their  ability  to  mature  (if  possible) 
in  these  "secondary  hosts"  (Holmes,  1976),  particularly  when 
these  hosts  are  more  abundant  than  the  primary  host. 
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These  patterns  of  host  specificity  give  rise  to  the 
pattern  of  community  structure  described  by  Bush  (1980)  for 
the  helminth  community  of  scaup.  He  recognized  two 
components:  a  deterministic  component  (specialists  in  scaup 
and  generalists  in  waterfowl)  and  a  stochastic  component  of 
rare  species  (specialists  in  other  hosts).  The  parasite 
communities  in  all  of  the  duck  species  examined  in  this 
study  had  such  a  structure,  with  a  deterministic  component 
ranging  from  1  to  23  parasite  species.  However,  my  analyses 
suggest  that  it  is  more  useful  to  recognize  three 
components:  characteristic  parasites  (relative  specialists 
in  that  host),  common  parasites  (relative  generalists  in 
waterfowl  plus  some  commonly  occurring  character i st ic 
species  of  other  hosts),  and  the  stochastic,  uncommon 
specialists  of  other  hosts.  The  relative  numbers  of  the 
three  components  indicate  what  habitat  (above  the  individual 
bird)  is  recognized  by  the  parasites.  Where  the  proportion 
of  characteristic  species  is  high,  there  was  relatively  high 
similarity  between  host  individuals,  and  those  individuals 
formed  relatively  tight  single  species  clusters  in  both  the 
cluster  analyses.  Such  a  pattern  was  seen  in  five  of  these 
host  species:  ruddy,  gadwall,  blue-winged  teal,  scaup  and 
scoter.  In  these  host  species  the  parasites  appear  to 
recognize  the  host  species  as  a  distinct  habitat  level.  In 
the  remaining  five  duck  species,  the  proportion  of 
generalists,  or  of  specialists  for  other  hosts,  was  high. 
There  was  low  similarity  between  individuals  within  each 
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duck  species,  and  cluster  analyses  formed  mixed  (related 
species)  clusters  of  individuals,  in  some  cases,  related  to 
lake,  or  year  of  collection.  In  these  cases,  parasites  may 
recognize  multi  species  populations  as  distinct  habitats. 

Three  hypotheses  have  been  proposed  for  helminth 
community  structure  at  the  host  multispecies  population 
level.  The  phylogenetic  hypothesis  predicted  that  helminth 
communities  in  duck  species  should  be  most  similar  between 
phy logent i ca 1 ly  related  hosts.  The  diet  hypothesis  predicted 
that  species  with  similar  food  habits  should  have  similar 
parasites.  The  numerical  dominance  hypothesis  predicted  that 
the  most  numerous  host  should  determine  the  fauna  of  the 
other  duck  species  which  I  have  examined  from  the  standpoint 
of  species  exchange. 

The  specific  predictions  of  the  phylogenetic  hypothesis 
were:  1)  the  parasite  fauna  is  specific  at  the  tribe  level, 
2)  the  parasite  fauna  should  show  greater  similarity  within 
tribes  rather  than  between  tribes,  3)  the  similarity  within 
tribes  should  be  related  to  phylogenetic  affinity  between 
species,  and  4)  the  Mergini  should  be  more  similar  to  the 
Aythyini  than  the  Anatini  and  that  the  Oxyurini  should  be 
least  similar  to  any  other  tribe.  The  first  prediction  was 
not  supported,  the  relative  generalists  (within  a  host 
group)  were  rare.  The  second  prediction  was  supported  in 
part  within  the  Anatini,  with  high  similarity  between 
parasite  communities  in  widgeon  and  gadwall  and  within  the 
Aythyini  with  high  similarity  between  parasite  communities 
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in  canvasbacK  and  scaup.  However,  comparison  of  other  duck 
species  did  not  support  this  prediction  and  therefore  I  do 
not  regard  it  as  the  principal  determinant  of  the  overall 
pattern  of  helminth  community  structure  in  waterfowl.  The 
third  prediction  was  not  supported  by  any  of  the  patterns  of 
similarity  between  communities.  Parasite  communities  of  duck 
species  within  tribes  did  not  show  similarity  patterns 
comparable  to  their  phylogenetic  relationships.  The  last 
prediction  of  similarity  between  tribes  was  supported  in 
part  by  the  parasite  communities  in  the  Oxyurini  (ruddy) 
which  formed  a  distinct  group  of  individuals  of  one  species. 
In  summary,  the  parasite  communities  were  most  similar  at 
the  host  species  level,  but  in  most  cases,  the  patterns  of 
similarity  were  not  determined  by  the  phylogenetic 
relationships  between  host  species. 

The  specific  predictions  of  the  diet  hypothesis  are:  1) 
duck  species  consuming  a  high  proportion  of  animal  matter 
should  have  larger  amd  more  complex  parasite  faunas  and  2) 
species  consuming  high  proportions  of  similar  taxonomic 
groups  of  animal  matter  should  have  similar  parasite  faunas. 
The  first  prediction  was  supported  in  part  by  the 
relationship  of  the  size  (mean  number  of  individuals)  of  the 
parasite  communities  and  the  percent  animal  matter  consumed 
(rho=  0.73,  n=9,  P<0.05)  in  the  nine  duck  species.  Those 
duck  species  consuming  a  low  proportion  of  animal  matter  had 
few  parasite  individuals  (small  size  component)  those 
species  consuming  a  high  proportion  of  animal  matter  had 
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larger  sized  parasite  communites.  Complexity  was  not 
correlated  with  percent  of  animal  matter  consumed.  The 
second  prediction  was  supported  only  by  the  similarity 
between  widgeon  and  gadwall.  However,  the  lack  of  support 
for  this  prediction  may  indicate  a  need  to  examine  the  data 
at  a  more  detailed  level  relating  to  the  taxonomic 
differences  of  the  major  parasite  groups  and  the  type  of 
intermediate  hosts  involved  in  their  life  cycles. 

The  numerical  dominance  hypothesis  is  somewhat  more 
difficult  to  analyze.  If  based  on  regional  population  sizes 
(Turner  and  Weaver,  1977),  the  expected  pattern  of  species 
exchange  should  be  from  mallards,  blue-winged  teal  and  scaup 
to  other  birds.  The  analysis  of  exchange  showed,  however, 
that  mallards  and  blue-winged  teal  contributed  little, 
whereas  scaup  contributed  most  of  the  parasites.  However, 
the  primary  breeding  habitats  for  dabblers  are  ponds  and 
sloughs,  not  lakes.  The  pattern  of  exchange  may  be  entirely 
different  on  sloughs.  For  the  divers,  lakes  constitute  the 
primary  breeding  habitat.  Census  counts  indicated  scaup 
ranked  higher  in  abundance  than  either  mallard  or 
blue-winged  teal  on  8  of  14  lakes  in  1977  and  1978, 
intermediate  between  the  others  on  3  lakes  and  below  both  on 
only  3  lakes  (Bush  1980).  On  this  local  population  basis, 
the  pattern  of  exchange,  with  most  of  the  exchange  occurring 
among  the  divers,  particularly  from  scaup  to  others  or  from 
the  divers  (especially  scaup)  to  the  dabblers,  agrees  with 
the  prediction  of  the  numerical  dominance  hypothesis.  In  a 
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specific  instance,  Hymenolepi s  AB  was  found  only  in 

s 

blue-winged  teal  collected  where  scoter  were  common. 
Blue-winged  teal  collected  from  lakes  where  scoter  were  rare 
or  absent  did  not  have  this  parasite.  The  exchange  of 
species  from  high  complexity  helminth  communities  to  low 
complexity  communities  is  not  surprising  as  in  most  cases 
the  high  complexity  communities  also  had  large  size  (large 
abundances  of  worms).  The  failure  of  the  specialists 
(characteristic  species)  of  the  dabblers  (gadwall  and 
blue-winged  teal)  to  colonize  the  high  complexity  helminth 
communities  suggests  that  these  latter  communities  are 
saturated . 

In  conclusion,  the  helminth  communities  of  waterfowl 
are  organized  on  a  nested  or  heirarchical  basis  with  the 
host  individual  being  the  only  unequivocal  level  of  habitat; 
the  host  species  and  multispecies  populations  are  also 
recognized  as  distinct  levels  of  habitat.  The  relative 
influence  each  level  has  in  influencing  the  parasite 
communities  varies  between  host  species.  In  scaup  and 
scoter,  the  parasite  community  is  composed  primarily  of  a 
group  of  specialists  ( character i st i c  species),  which 
recognize  the  host  species  as  their  unit  of  habitat.  At  the 
other  end  of  the  scale  in  widgeon  and  mallard  the  parasite 
community  is  composed  of  relative  generalists  and 
specialists  from  other  hosts  which  recognize  a  multispecies 
population,  as  their  unit  of  habitat.  How  these  features 
affect  the  organization  of  i nf r acommuni t i es  will  be  examined 
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in  the  next  section. 
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STRUCTURE  AND  ORGANIZATION  OF  INTESTINAL  HELMINTH 
COMMUNITIES  WITHIN  INDIVIDUAL  BIRDS 

INTRODUCTION 

Price's  (1980)  proposal  that  parasite  species  are 
specialists  was  partially  supported  by  the  microhabitat 
specificity  reported  for  many  parasite  species  (Crompton, 
1973;  Holmes,  1973).  Four  studies,  three  examining  the 
intestinal  helminth  communi ties  in  scaup  (Hair  and  Holmes, 
1975;  Hair,  1975;  Bush,  1980)  and  one  examining  intestinal 
communities  in  mallard  (Avery,  1969),  have  demonstrated  that 
helminth  species  occupy  predictable,  restricted  locations 
within  the  intestine  of  waterfowl.  In  contrast  to  the 
restricted  microhabitat  specificity  exhibited  by  parasites 
in  the  above  studies,  H_j_  dimi nuta  and  Tr i chi nel  la  spiralis 
have  both  been  shown  to  be  capable  of  occupying  most  of  the 
intestine  in  rodents  (rats  and  mice  respectively)  (Cannon 
and  MettricK,  1970;  Sukhdeo  and  Crol 1 ,  1981).  Two  species  of 
cestodes  ( Tetrabothr i us  mi  nor  and  T^  procerus )  are  reported 
to  have  the  potential  to  occupy  most  of  the  small  intestine 
in  fulmar  ( Fulmar  g 1 aci a  1 i s )  (Riley  and  Owen,  1975). 

However,  Riley  and  Owen  (1975)  have  demonstrated  that  the 
distribution  of  the  two  species  in  individual  birds  very 
rarely  involved  the  entire  intestine  and  was  related  to 
population  size  of  the  species  which  occupied  the  anterior 
end.  Thus,  the  spatial  distribution  of  each  parasite  must  be 
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examined  specifically  in  each  host  individual  to  determine 
the  degree  of  microhabitat  specificity. 

Holmes  (1973)  has  proposed  that  microhabitat 
specificity  in  parasite  communities  reflects  the  importance 
of  past  interactions  between  parasite  species.  Community 
structure  is  i nterpretated  as  evidence  for  organization 
between  species.  Organization  is  regarded  as  the  maintenance 
of  structure  by  some  mechanism(s)  within  the  community.  In 
contrast  Price  (1980)  has  suggested  that  parasite 
communi t i es  are  unsaturated,  exist  under  nonequilibrium 
conditions  and  that  the  microhabitat  specificity 
demonstrated  in  parasite  communities  is  not  a  result  of 
organization  between  helminth  species.  In  general,  the 
interpretation  of  community  structure  as  evidence  for 
organization  between  species  has  been  challenged  by  the  view 
that  communities  are  chance  aggregations  of  individual 
species  (Caswell,  1976;  Conner  and  Simberloff,  1979). 

Bush  (1980)  demonstrated  that  the  distributions  of  the 
helminth  species  in  the  ' recurrent  group'  were  predictable 
in  their  sequence  of  occurrence  and  that  these  exhibited  low 
niche  overlap  with  adjacent  helminth  species  along  the 
intestine  of  lesser  scaup.  The  ordered  sequence  suggests 
either  interactions  between  parasite  species  or  independent 
differential  adaptation  to  locations  within  the  intestine. 

In  addition  to  showing  low  niche  overlap,  Bush  demonstrated 
that  there  was  a  significant  difference  between  the  realized 
niche  overlap  (average  overlap  across  individual  birds)  and 
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the  fundamental  niche  overlap  (overlap  calculated  on  the 
basis  of  summed  distribution  across  all  birds)  of  adjacent 
'  recurrent7  helminth  species.  He  considered  these 
significant  differences  to  indicate  that  interactions  were 
important  in  organizing  the  spatial  distributions  of  the 
common  helminth  species.  Bush  (1980)  also  compared  the 
overlap  between  the  infrequent  helminth  species  and  adjacent 
helminth  species  within  the  intestine  and  found  the  realized 
and  fundamental  overlaps  showed  no  significant  difference. 

He  concluded  that  the  two  opposing  views  of  community 
organization  (noninteractive  and  interactive)  could  be 
applied  to  the  two  components  he  recognized  in  the 
intestinal  helminth  communities,  infrequent  (stochastic)  and 
common  or  recurrent  (deterministic)  parasite  species. 
Interactions  appear  important  in  organizing  the  basic 
community  structure  provided  by  the  recurrent  helminth 
species  but  not  important  for  the  infrequent  helminth 
species  in  scaup. 

Interactions  can  only  occur  within  the  host  individual. 
However,  the  importance  of  interactions  in  parasite 
community  structure  is  a  function  of  how  frequent  such 
interactions  may  be  (Holmes  and  Price,  1980)  ,  and  can  only 
be  assessed  by  examining  parasite  communities  in  several 
host  individuals.  The  intestinal  helminth  community  in 
waterfowl  is  an  excellent  system  in  which  to  study  the 
importance  of  interactions  in  determining  community 
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The  intestinal  tract  in  waterfowl  consists  of  the  small 
intestine,  the  large  intestine  and  two  caeca.  In  the  small 
intestine  changes  in  chemical  constituents,  such  as  amino 
acids,  carbohydrates  and  proteins,  and  changes  in  the 
physical  substrate,  such  as  changes  in  the  mucosal 
morphology  and  density  of  villi,  are  correlated  with 
position  along  the  intestine  (Crompton  and  Nesheim,  1968). 
The  large  intestine  is  similar  in  structure  to  the  distal 
small  intestine  but  tends  to  be  more  homogenous  in 
morphology  and  function  (water  absorption)  (Ziswiler  and 
Farner , 1 972 ) .  The  combined  small  and  large  intestines 
therefore  represent  a  single  complex  resource  gradient  or 
axis  along  which  helminth  species  can  locate  (Hair, 1975; 
Bush, 1980).  The  caeca  also  vary  in  physical  and  chemical 
characteristics  along  their  length,  but  represent  a  second 
and  largely  independent  gradient  or  resource  axis  (Calhoun, 
1954)  . 

The  first  section  of  this  study  demonstrated  three 
components  within  the  intestinal  helminth  communities  in  the 
10  species  of  waterfowl:  host  generalists,  character i s t i c 
helminth  species  and  helminth  species  which  are  specialists 
within  other  hosts.  The  first  two  make  up  Bush's 
deterministic  component.  In  this  section  I  will  compare  the 
distribution  of  the  helminth  species  along  the  length  of  the 
intestine  within  individual  birds  of  each  of  the  duck 
species.  I  intend  to  examine  the  importance  of  the 
interactive  and  noninteractive  views  of  community  structure 
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to  the  first  two  components  of  the  different  parasite 
communi ties. 
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METHODS 

For  field  and  laboratory  methods  see  Chapter  II. 
Analytical  Methods 

Four  parameters  were  used  to  measure  helminth  species 
distribution  along  the  intestines:  location  (section  number) 
of  the  median  individual  in  each  helminth  species  population 
(median  location),  anterior  location,  posterior  location  and 
range  of  each  helminth  species.  The  minimum  range  a  helminth 
species  occupied  was  one  section,  or  5%  of  the  small 
intestine.  Some  helminths  extended  their  distribution  into 
the  large  intestine  and  I  have  equated  the  large  intestine 
to  a  5%  section  of  the  small  intestine,  making  the  total 
length  of  the  intestinal  axis  105%.  All  locations  are 
expressed  as  percent  of  small  intestine  length. 

Because  the  caeca  represent  a  distinctly  different 
microhabitat,  helminth  species  occupying  this  region  were 
not  included  in  the  analyses  of  linear  distributions. 
Helminth  species  occurring  in  this  region  were  simply 
recorded  as  occupying  the  caeca. 

The  distributional  measures  were  averaged  across  all 
birds  infected  for  each  parasite  species  in  each  duck 

•t 

species.  Within  each  duck  species  only  those  parasite 
species  which  occurred  in  three  or  more  host  individuals 
will  be  compared.  Because  sample  sizes  were  small  for  some 
parasite  species,  comparison  of  variances  around  mean 
values,  such  as  those  for  the  median  points  (see  below)  are 
not  comparable  between  duck  species.  Therefore,  variation  in 
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these  measures  was  compared  using  the  range  of  values  or  the 
average  difference  (in  %  of  gut)  between  the  individual 
values  and  their  mean.  Relationships  between  population 
sizes  and  distributional  measures  were  analyzed  with 
Spearman's  rank  correlation.  All  analyses  were  done  using 
programs  in  APL. 

Agreement  in  the  sequential  distribution  of  median 
positions  along  the  intestine  was  tested,  using  Spearman's 
rank  correlation.  For  each  pair  of  individual  birds,  ranks 
were  assigned  only  to  those  parasite  species  occurring  in 
both  birds.  The  number  of  pairs  showing  significant 
correlations,  and  the  mean  rho  values,  were  calculated.  (The 
test  of  concordance  (Pielou,  1977),  usually  applied  to  such 
data,  was  inappropriate  because  of  differences  in  helminth 
species  composition  between  individual  birds.) 

Determination  of  the  pattern  of  distribution  of  median 
locations  of  helminth  species  within  the  intestines  of 
individual  birds  was  examined  using  a  model  derived  by 
Pielou  and  Routledge  (1976).  The  model  calculates  the 
probability  of  finding  a  specified  number  of  median 
positions  within  a  fixed  number  of  sections.  This  value  is 
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compared  to  the  number  of  sections  occupied  by  the  median 
points  at  a  50%  probability  level.  The  model  was  applied  to 
individual  birds  with  five  or  more  helminth  species.  A  sign 
test  was  used  to  compare  the  number  of  birds  in  which  the 
median  locations  were  found  in  fewer  versus  more  sections 
than  the  calculated  value  (Pielou  and  Routledge,  1976).  If  a 
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significantly  large  excess  of  values  fall  below  the 
calculated  value  the  overall  distributions  were  considered 
to  be  clustered;  if  a  significant  excess  of  values  were 
above  the  calculated  value,  the  overall  distributions  were 
considered  to  be  regular.  For  small  numbers  of  species  the 
model  is  biased  in  favour  of  a  clustered  pattern. 

Percent  similarity  (equation  1  of  Hurlbert,  1978)  was 
used  to  calculate  overlap  between  the  ranges  of  pairs  of 
parasite  species.  This  measure  calculates  the  proportion  of 
the  individuals  of  two  species  which  have  identical 
distributions.  Overlap  was  calculated  for  each  species  pair 
in  individual  birds.  Average  overlap  was  calculated  for  each 
pair  of  parasite  species.  Summed  overlap  values  were 
calculated  by  adding  the  distributions  of  parasite  species 
across  all  individuals  of  one  host  species.  Percent 
s-imilarity  was  then  calculated  for  all  pairs  of  parasite 
species  within  this  matrix  of  of  summed  distributions.  A 
t-test  was  used  to  compare  differences  between  summed  and 
average  overlap  values. 
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RESULTS 

Linear  Distributions 

Data  on  the  linear  distributions  of  helminth  species 
which  occurred  in  3  or  more  birds  are  given  in  Tables  11  to 
20.  The  variability  around  the  mean  of  the  median  points,  as 
measured  by  the  average  difference  from  that  mean,  was 
generally  less  than  10%.  There  was  no  difference  in  this 
measure  between  the  frequent  species  (those  occurring  in 
over  half  of  the  individual  birds  of  one  duck  species)  and 
those  encountered  less  frequently  (Table  21).  In  addition, 
for  most  helminth  species,  the  median  location  for  an 
infrapopulation  was  independent  of  the  number  of  worms  in 
that  infrapopulation  (significant  rho  values  are  indicated 
in  Tables  11-20).  There  were  only  three  exceptions:  the 
median  position  of  Hymenolepi s  spi noci r rosa  in  scaup  and  H. 
WWW  in  gadwall  were  negatively  correlated  with  total  number 
of  worms  (i.e.,  median  points  were  further  anterior  in 
larger  infrapopulations),  and  the  median  position  of 
Corynosoma  cons tr i ctum  in  blue-winged  teal  was  positively 
correlated  with  total  numbers  of  worms  (i.e.,  median  points 
were  further  posterior  in  larger  infrapopulations).  These 
basic  patterns  of  relatively  constant  median  points, 
independent  of  infrapopulation  size,  indicate  that  the 
median  position  is  a  good  measure  of  the  site  occupied. 


.  I 

. 

' 


■  I  •  : 


109 


0 

U* 

0 

-M 

C 

0 

O 

u 

0 

a, 


<n 

cd 

0 

W 

<n 

(1) 

M 

C>4 

X 

<u 


x: 

4J 

c 

•H 

g 

rH 

<u 

x: 

>M 

o 

c 

o 

•H 

4J 

3 

X> 

•r| 

*2 

CA 

•H 

TJ 

*H 

<d 

0 

c 

•H 


XI 

rtj 

E-< 


U) 

ai 

-H 

O 

0) 

a 

0) 

<u 

•u 

•H 

U) 

flJ 

V) 

(fl 

a 

A 

o 

(0 

<u 

ip 

o 


w 


e 

o 

0) 

0- 

-a 

•H 


4J 

C 

•H 

e 

rH 

a) 

x: 


a) 

M 

3 

W 

ifl 

a) 

6 

a) 

to 

a) 

x: 

x> 

VM 

O 

c 

o 

•H 

V 

rd 

H 

0 

U 

U 

O 

o 

TJ 

c 

0 


oj 

t>0 

a 

g 

X 


0 

•H 

X 

5 


o 

x 

cc 


3 

x 


c 

g 

*H 

TO 

CJ 

X 


o 

X 

pi 


u 

<u 


4H 

MH 

M 

o 

O 

O 

H 

CO 

Ph 

•H 

CA 

(0 

T3 

0 

i-H 

C 

It) 

•H 

3 

° 

-U 

-O 

CA 

cn 

*H 

iJ 

o 

0 

> 

c 

X 

-P 

•H 

•rH 

Pi 

G 

-0 

o 

p. 

•H 

c 

•H 

T3 

0 

c 

x: 

4H 

w 

4J 

O 

o 

•H 

c 

(A 

u 

•H 

M 

CJ 

x; 

0) 

4-> 

XI 

5 

•H 

s 

S 

3 

3 

cn 

0 

x: 

HC 

•H 

p 

HC 

O 

•H 

HC 

0 

O 

04 

cn 

W 

X 

Pi 

V) 

cj 

•H 

o 

C) 

P. 

CO 


CJ 


m 

cn 


o 

cn 


m 

cn 


m 


o 

<r 


o 

o 

sO 

OO 

• 

• 

• 

• 

• 

CJ 

cn 

o\ 

CM 

m 

*4- 

co 

*— 4 

r—i 

rH 

rH 

c 

+  1 

•4*  I 

4- 1 

+  1 

4| 

cO 

CM 

00 

OO 

cn 

vO 

*H 

r—4 

rH 

rH 

g 

m 


41 


m 

m 

41 

CM 


<* 

m 

rH 

41 

OO 


i1 

o 


sO 

A1 

r>. 


in 

m 

cn 

lO 

O 

v£> 

<r 

m 

OS 

+  1 
r—4 

i1 

i1 

i1 

■f 

rH 

CM 

rH 

vO 

o\ 

VO 

<r 


41 

CM 


CO 

r>. 


+ 1 

CM 


O 

o 

o 

o 

MT 

✓“N 

<r-s 

rH  CM 

rH  <T 

m  cn 

rH  r*» 

sr*  • 

• 

s-/  • 

^  • 

O  CM  • 

m  r»» 

O  CM 

m  cm 

m 

CM 

03 

o 

+ 1 

+  1 

+  | 

4- 1 

1  r< 

1  rH 

1  '■T 

1  oo 

m  cm 

O  r>* 

O  O 

O  so 

CM 

V£J  rH 

o 

I 

m 


<r 

rH 

+  1 


+  1 

<r 


a\ 

+  1 
m 
m 


<r 


c0 

u 

0) 

c0 

o 


o 
+  1 


c0 

CJ 

CJ 

c0 

CJ 


+  1 
CM 


c0 

u 

CJ 

c0 

CJ 


o 
m 
+  1 


v 


<\ 

CM 


V 


VO 


00 


V1 

m 


w 


cO 

a 

(A 


m  o 
o  o 


v  a, 

pH  N 


C  0) 
cO 


a 

c0 
X 
0)  0) 
IM 

CD  C 
TO  -H 
U 

•H  X 
X)  0) 

a 

4H 

O  05 
SI 

U  X 

cj  c 

JO  *H 
1  6 
3  rH 

c*  cj 
x 


TO  (0 
CJ  3 
U  "O 
O  -H 
CJ  > 
Mh  -H 

rr  no 
•H  C 
•H 
CA 

4H  IM 

0)  O 

o 

X  v* 

CJ 

o-i 

3 

X  G 
CJ 

c 


O  P- 

2  i 

• 

*H  CO 

#r"N 

c 

G 

bO  | 

O 

■H 

•H 

00 

U 

C 

G 

1  «o 

O 

rH 

o 

4  x 

rH 

G 

G 

<3 

o  o 

•H 

bO  -H 

TO 

C  P 

CJ 

c0  cO 

a 

U  rH 

CJ 

a 

•  u 

o 

CJ  P 

M 

•  o 

MH 

•H  O 

i-/ 

CJ 

4J 

O 

a  G 

G 

V-«  G 

a 

3  U 

u 

05  -rH 

CJ 

(3  «*H 

MH 

CJ  *H 

MH 

e  g 

•H 

b0 

rH  *H 

G  a 

O 

G 

bO 

O  CJ 

G 

-H  > 

M 

H  H 

a 

3  H 

> 

•  X 

G 

Q  -h  bO 

v-/ 

•  U  CJ 

C/5  H  C 

Ci 

a 

O 

• 

rH  «H  | 

*  tH 

CJ 

T3 

X 

G 

HI  | 

G 

4h 

TO  ' 

O 

X 

TO  G  •* 

O 

a 

u  a  c 

*H 

0J 

■H  o 

X 

x  a  «H 

•  G 

G 

rH  U 

Q  G 

•H 

TO  G  G 

•  -H 

O  3  rH 

CO  TO 

CJ 

u  to  a 

CJ 

X 

U  H  M 

rH  0 

X 

u 

■HOD 
TO  O 
C  C 
-H  X  O 
G  *H 
ij  (0  u 
O  U  H 

•H  CO  X 

MW  o 
a  <h  o.^ 
x  c 

EMC* 
3  *H  <0  Q 
C  CO  CJ  • 
U  to 

u-4  O 

o  c 


CJ  CJ 
00  b0 
C  <0 


CJ 

X 


C  TJ 
O 


•a  s 

£ 


c 

§ 

Vh  U 
CO  *H 
CJ  CO 

O-  o 

CO  o. 


I  I  I 

-1C  -1C  * 

*  « 
« 


CJ  <0 
CO  O 

(0  o 

CJ  rH 

u 

o.  c 

X  CO 
CJ  *H 
TO 

co  o 
<y  n 

3 

rH 

CO  O 
> 

n 

rH  CO 

33 

I  I 

c0  X 


TO 

CJ 

CO 

co 

CJ 

u 

£ 

CJ 

00 

CJ 

3 

rH 

c0 

> 


110 


<y 

oo 

g 

<2 


m 

vO 


o 

CM 


O 

CM 


X 

3 


d 

w 

tr> 

a) 

d 

•H 

o 

-P 

o 

JC 

G 

<u 

d 

a 

a 

U1 

p 

<0 

d 

<u 

rH 

a 

4J 

• 

*H 

<u 

NO 

d 

M 

oo 

c 

r-4 
+  | 

0) 

(0 

Vl 

5 

^3- 

d 

id 

a 

'd 

d 

x: 

w 

o 

(0 

id 

d 

0)  • 

p 

O4 

<p 

o 

pi 

X 

o 

d 

w 

x: 

rH 

p 

G 

03 

£ 

"d 

<TJ 

o 

m 

o 

0} 

d 

G 

•H 

•P 

W 

a) 

-p 

G 

•H 

d 

x 

v 


x 

•p 


3 

•H 

G 

AJ 

(0 

*H 

73 

Up 

O 

(0 

*J 

G 

•H 

O 

P* 

73 

G 

W 


G 

O 

♦H 

G 

a) 

*-» 

w 

o 

pu 


o 

,c 

PG 


g 

o 


G 

<D 


c 

<c 


i1 


00 

*r» 


A1 


ON 
CM 
+  1 


i1 


A1 


vO 

A1 


o 

ON 

N 

ON 

ON 

00 

O 

• 

• 

• 

• 

• 

• 

CO 

rH 

CM 

00 

CM 

rH 

m 

m 

41 

41 

41 

A1 

+  1 

+i 

4 

m 

rH 

r>* 

o 

O 

CM 

r>. 

G 

on 


A1 


oo 

<■ 

i1 


ON 

CM 

A1 

NO 


ON 

CM 

+  I 

CM 

O 


M- 

CM 

+  | 

<r 

o 


A1 


VO 

r>. 

A1 

vO 


(0 

a) 

•H 

o 

a) 

cu 

U) 

X. 

•P 

G 

•H 

e 

ai 

.c 


T) 

M 

(0 

(1) 

c 


XX 

<d 

E-i 


P 

Vi 

O 

o 

TJ 

C 

<d 


o 

x. 

« 


G 

(0 

•H 

73 

0) 

X 


rP 

vO 


A1 

CM 


. 

CM 

o 

o 

r-H  00 

m  on 

CM  ON 

CM  On 

r-^  r-4 

m  o 

V-'  • 

V-/  • 

• 

w  • 

' — /  • 

. 

o  <r 

7  i1 

O  CM 

<r 

+ 1 

m  cm 

+1 

in  r-4 

o 

-  +1 

m  <r 

o 

-  +  1 

o  m 
^  +1 

1  vO 

i  m 

1  CM 

I  -<r 

l 

i  m 

in  — « 

O  vO 

o  o 

M3  r~~* 

o  o 

O 

rH 

O  — < 

o 

f— H 

O  vO 

I 

O 

vO 


o 

x: 

(0 

p 

00 

rH 

m 

ON 

G 

O 

p 

•K 

* 

o 

r-4 

CM 

CM 

•H 

o 

+  1 

+  1 

+ 1 

+  | 

■P 

CM 

*T 

d 

G 

r-4 

X> 

o 

•H 

•H 

P 

P 

.•■P 

id 

* 

fN 

r-** 

to 

rH 

c 

M  • 

•H 

0) 

CO 

<r 

m 

m 

i1 


+i 


Vp 


(A 

0 

(0 

•H 

3 

0) 

G 

i-j 

W 

•H 

G 

w 

U 

•H 

3 

o 

rH 

•H 

tH 

(0 

A-i 

d 

<K 

O 

r—H 

Vh 

c 

G 

G 

o. 

•H 

•H 

U 

TH 

O 

U 

w 

U 

U 

if) 

rX 

U 

3 

O) 

G 

G 

O 

c 

O' 

G 

rC 

G 

P 

O 

o 

o 

O' 

G 

u 

4h 

oc 

o 

rC 

u 

c* 

7J 

•H 

, 

# 

s 

# 

# 

0 

U* 

< 

Y 

w 

p* 

w| 

o| 

rM 

1 

1 

1 

| 

0> 

oo 

w 

r— H 

CM 

CN 

NO 

m 

m 

Helminth  species  n  N  Median  Rho  End  points  in  distribution  Range  Rho  Maximum  Range 


111 


o  m  m 

vT  -h 


o  o 


ofl 

m 

ON 

o 

m 

rH 

o 

+  1 

+  1 

+1 

r~H 

i  4 

m 

CM 

o 

xz  o  o 

Pi 


cd 

M 

ON 

ON 

o 

o 

• 

• 

• 

•H 

VO 

rH 

o 

Ah 

r— < 

(D 

4*  1 

+  1 

4 

AJ 

CM 

r-H 

m 

CO 

ON 

iH 

o 

Ph 


o 

XZ  o  o 

Pi 


u 

<D 


c 

< 


cd 


o 

d 


o 

d 


o  r 


/*N 

X 

00 

— •  <r 

^  o 

a 

N^  • 

^  • 

o 

CM 

O  CM 

o  o 

v_^ 

CM 

o 

4  1 

4 

4*  1 

in 

<r 

1  vO 

i  m 

00 

m 

m 

cd  id 

u  cj 

CD  0> 

00  id 

CJ  U 


CM 

co 

o 

ON 

o 

CO 

CO 

CM 

CM 

CO 

CM 

CM 

CO 

•“ H 

4  1 

CM 

41 

4 1 

41 

CM 

rH 

CO 

r^ 


d| 

i 

m 

vf 


m 


Q  *H 


+1 


*o 

•  Ah 
"3  *H 
(D  ,Q 
d 

•H  *U 
0  CD 
(0  AJ 

X  U 

<D  CD 


u 


O  CO 

Ah  *5 

CD  C 


•a 


..  6 

3  rH 
C  (D 
J2 


T3  <d 
<D  3 
M  *3 
U  tH 
<D  > 

U-4  *H 

C  3 
•H  C 


*  * 

*  -K 

« 


• 

AJ 

CO 

<D 

U 

o 

u 

rH 

rH 

cd 

0 

U) 

/-N 

m  o 

o  o 

•  aj 

V  CD 

Ph  M 

^  -H 

CO 

AJ 

d  (D 

id  rH 

CJ  CX 

•H  0 

M-H  CTJ 

• 

•H  CO 

d 

d 

00  | 

o 

•H 

*H 

cn 

AJ 

d 

cd 

I  <d 

o 

rH 

o 

4  x> 

rH 

• » 

a 

d 

cd 

<D  O 

•H 

00  *H 

3 

d  aj 

<D 

cd  cd 

0 

Ah  rH 

CD 

0 

•  Ah 

O 

<D  Ah 

Ah 

•  O 

*M 

•H  U 

V^r 

«D 

AJ 

O 

(D  d 

d 

Ah  cd 

<D 

3  O 

Ah 

CO  *H 

CD 

cd  *AH 

«M 

CD  *H 

«M 

0  d 

•H 

00 

3 

rH  *tH 

cd  CO 

CD 

d 

00 

O  CD 

cd 

-H  > 

Ah 

AJ  -H 

<D 

3  AJ 

> 

•  cd 

cd 

1  *H  00 

>  Ah  CD 

AJ  d 

d 

CO 

o  • 

*H  | 

*H  CD 

TJ 

AJ  d 

| 

d  *h 

3  ' 

CJ  AJ 

d  •• 

O  CO 

cd  d 

rH  <D 

o  • 

AJ 

CO  tH  • 

d  d 

H  AJ  Q 

Cd  *H 

cd  cd  • 

3  rH  cn 

•3  CD 

3  CD 

«D  Si 

•H  Ah  rH 

0  AJ 

>  ah 

•H  O  +1 

*M  *M 

3  O 

o  o 

d  d 

•H  AJ  O 

CD  0) 

d  -h 

00  00 

cm  cd  u 

d  cd 

.  O  O  -H 

Cd  AJ 

fH  CO 

Ah  C 

Ah  iM  O 

CD 

CD  iH  CJ 

^  00  d 

Ah 
•  CD 

3  -H  (d 

Q  CX 

d  C0  CD 

•  • 

0 

cn  *d 

*M  O 

o  d  CD 

*H  CO 

xz 

cd 

d  i  aj 

•H 

o 

TJ 

•H  O  CO 

d  CD 

M  Cd 

O  J) 

cd  •  *» 

•H  CO 

rH  d  3 

AJ  <D 

CD  O  (D 

Cd  Ah 

Ah  -H  CO 

CJ  (X 

M  AJ  CO 

O  X 

O  cd  CD 

rH  CD 

CJ  rH  Ah 

CD  CX 

d  co 

.*  Ah  X 

cd  CD 

d  Ah  <d 

•H  3 

cd  O  - 

r-< 

Ah  O  CO 

CD  cd 

<V 

0  > 

d  (D  3 

«d  >  *h 

IM  rH 

n  h  id 

O  rH 

(h  U  > 

< 

cd  *»h 

d 

CD  10  rH 

<d 

fX  O  rH 

CD 

l/>  CX  < 

1  * 

X 

1  1 

*  cd 

1 

XJ 

Table  13.  Linear  distribution  of  helminth  species  within  the  intestines  of  Blue-winged  teal  (expressed  as  a  per¬ 
centage  and  correlation  of  these  measures  with  numbers  of  individuals  of  helminths  of  each  parasite  species 
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Table  15.  Linear  distribution  of  helminth  species  within  the  intestines  of  Ruddy  (expressed  as  a  percentage) 

and  correlation  of  these  measures  with  numbers  of  individuals  of  helminths  of  each  parasite  species. 
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Table  21. 


Variation  around  the  mean  median  location  of  frequent  and 


infrequent  helminth  species. 


k 

Average  Difference 


kk 

Frequent  Species 


kkk 

Infrequent  Species 


0- 

-4 

17 

22 

5- 

-9 

31 

19 

10' 

-14 

16 

11 

15  or 

more 

3 

6 

Chi  square  =  4.82;  3  d.f.;  N.S. 


*  Average  difference  from  mean  median  location  (percent  of  intestine) 
kk  Frequent  species  -  represented  in  greater  than  504  of  the  individual 
birds  infected. 

Infrequent  species  represented  in  less  than  or  equal  to  504  of  the 
individual  bireds  infected.  (From  Tables  11-20) 


kkk 
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In  47  of  48  comparisons  between  pairs  of  birds  which 
had  five  or  more  similar  helminth  species  there  was  a 
significant  positive  rank  correlation  in  order  of 
occurrence.  Mean  correlation  coefficents  were  all  greater 
than  0.75  (Table  22).  Sample  sizes  were  large  enough  to 
allow  similar  analyses  of  the  sequential  distribution  of  the 
characteristic  helminth  species  in  scaup  and  scoter.  The 
order  of  these  species  also  showed  significant  positive 
correlations  (scoter  mean  Rho=0.89,  scaup  mean  rho=0.88). 
Thus,  the  sequence  of  occurrence  along  the  intestine  is 
predictable  for  the  frequent  and  characteristic  helminth 
species . 

Another  important  feature  of  the  linear  distributions 
was  whether  the  median  locations  of  the  parasite  species 
were  positioned  along  the  gut  in  a  clustered,  regular  or 
random  pattern.  Pielou  and  Rout  ledge  (1976)  developed  a 
model  which  they  used  to  test  the  randomness  of  the 
locations  of  ups  lope  and  downslope  boundaries  of  salt  marsh 
grasses  on  a  transect  along  an  intertidal  gradient.  This 
model  was  applied  to  the  median  position  of  the  parasite 
species  within  an  individual  bird,  using  sections  as 
analogues  of  quadrats  along  a  transect.  The  data  (Table  23) 
indicated  that  overall  distributions,  and  those  in  five  of 
six  duck  species  with  large  enough  sample  sizes  to  test 
independently,  were  distinctly  non-random, 
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Table  22.  Rank  correlation  of  order  of  the  median  locations  of 


helminth 

species 

in  ten  species  of  duck. 

* 

** 

kkk 

Species 

N 

Rho 

n 

NS 

Buf f lehead 

0 

Widgeon 

2 

0.89+0.03 

5,6 

2 

Ring-necked  duck 

2 

0.88+0. 13 

5,6 

2 

Gad wall 

3 

0.97+0.03 

6-9 

3 

Ruddy 

4 

0.93+0.09 

5 

4 

Blue-winged  teal 

5 

0.81+0.15 

5-9 

5 

Canvasback 

5 

0.88+0.08 

6-19 

5 

Mallard 

8 

0.89+0.11 

00 

I 

in 

7 

Lesser  scaup 

10 

0.92+0.04 

5-12 

10 

White-winged  scoter 

10 

0.77+0.16 

6-14 

10 

*  -  Number  of  pairwise  comparisons.  A  maximum  of  10  were  analysed. 
**  -  Mean  of  Rho  values  +  one  standard  deviation. 

***  -  Range  of  helminth  species  in  comparisons. 

****  _  Number  of  significant  pairwise  comparisons. 
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Table  23.  Comparison  of  the  distribution  of  median  positions  of 
helminths  in  ten  duck  species. 


*  ** 


Species 

N 

Clustered 

Regular 

Sign  Test 

Buf f lehead 

1 

1 

n.a. 

Widgeon 

1 

1 

n.a. 

Gad wall 

2 

1 

1 

n.a. 

Ring-necked  duck 

2 

2 

n.a. 

Ruddy 

5 

5 

sig. 

Canvasback 

6 

1 

5 

n.s. 

Blue-winged  teal 

6 

6 

sig. 

Mallard 

10 

10 

sig. 

Lesser  scaup 

15 

15 

sig. 

White-winged  scoter 

13 

13 

sig 

Total 

2 

59 

sig. 

*  Number  of  birds  with  distributions  detectable  from  random. 

**  n.a.  =  sample  size  too  small  to  use  sign  test;  n.s.  =  not  significant; 
sig.  =  significant  (P<0.05). 
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with  a  marked  preponderance  of  distributions  more  regular 
than  expected  by  chance. 

The  anterior  and  posterior  ends  of  the  distribution  of 
most  parasite  species  were  more  variable  than  the  median 
position  (Tables  11  to  20).  The  anterior  and  posterior  ends 
were  compared  to  the  population  sizes  (Spearman's  rank 
correlation)  of  each  parasite  species  which  infected  five  or 
more  individual  birds  of  one  duck  species.  Most  parasite 
species  showed  no  correlation  with  population  size.  In  those 
that  did  three  patterns  were  distinguished:  1)  equilateral 
spreading  of  the  end  points  (i.e.,  Apa temon  gracilis  in 
mallard  and  scaup,  Hymenol epi s  abor t i va  in  scaup, 

Echi nocotyle  rosseter i  in  blue-winged  teal),  2)  anterior 
position  extended  anteriorly  (8  cases),  and  3)  posterior 
position  extended  posteriorly  (16  cases). 

The  average  range  of  the  majority  of  helminth  species 
was  less  than  1/3  of  the  small  intestine  (Fig.  18).  Eight 
parasite  species  had  ranges  greater  than  50%  of  the  small 
intestine  (e.g.,  Hymeno 1 epi s  AB  in  scoter  and  blue-winged 
teal).  In  all  cases  they  were  among  the  most  abundant 
parasites  in  their  respective  hosts.  Comparison  of  the  mean 
ranges  of  the  ten  most  abundant  species  to  ten  of  the  least 
abundant  species  (mean  no.  of  individuals  <30;  chosen  at 
random)  indicated  a  significant  difference  ( Mann- Whi tney 
U-test).  In  addition,  there  was  a  significant  positive  rank 
correlation  of  the  mean  numbers  of  individuals  and  mean 
range  for  three  of  the  host  generalists  ( Apa temon  qraci 1 i s , 
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Figure  18. 


The  distribution  of  the  mean  ranges  of 
seventy-five  (75)  helminth  taxa  across  ten 
duck  species. 
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F imbr i ar i a  fasciolar i s  (rho=.68),  Corynosoma  constr ictum 
( rho= . 89 ) ) . 

Within  individual  birds,  ranges  of  several  helminth 
species  were  positively  correlated  with  their  respective 
population  sizes  (Tables  11-20).  Most  of  the  positive 
correlations  of  range  with  population  size  occurred  in 
mallard,  blue-winged  teal,  scaup  and  scoter,  the  species 
with  the  larger  sample  sizes.  This  suggests  the  phenomenon 
may  be  more  prevalent  than  demonstrated  by  this  study. 

Comparison  of  the  distributional  measures  of  the 
helminth  species  considered  to  be  host  generalists  indicated 
that  most  of  these  species  occupied  similar  positions  in  the 
different  duck  species  (Figs.  19  and  20).  The  only  exception 
was  A^  qraci  1  i  s ;  in  scoter  its  median  location  was  posterior 
to  its  location  in  the  other  duck  species. 

In  the  previous  chapter  examination  of  the  exchange  of 
helminth  species  indicated  that  several  of  the 
characteristic  helminth  species  occurred  in  more  than  one 
host.  Most  of  these  species  occupied  similar  portions  of  the 
intestine  in  different  hosts  (Figs.  21  to  25).  However 
exceptions  did  occur;  Hymenolepi s  AB  was  a  character i st i c 

.t 

species  of  scoter  in  which  it  occupied  most  of  the 
intestine,  with  its  median  position  in  the  posterior 
portion.  However,  in  mallards,  blue-winged  teal,  gadwall  and 
ruddy  its  median  position  was  in  the  anterior  portion  of  the 
intestine.  In  one  scoter  its  position  was  in  the  anterior 
end  (median  locat ion- 1 0% ) ,  similar  to  that  in  blue-winged 
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Figure  19. 


Linear  distributions  of  four  host  generalists 


across  ten  duck  species.  (vertical  bar  - 
mean  median  position,  stipled  bar  -  +  1  S.D 
horizontal  bar  -  mean  of  end  points  of  dis¬ 
tribution,  number  -  no.  of  birds  infected) . 

(Duck  codes  are  as  in  Figure  17) . 
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Apatamon  gracilis 


PolyrrSorphus  contortus 


5  *8 


Parcant  of  Intastina 


Fimbriaria  fasciolaris  Corynosoma  const rictum 


Parcant  of  Infasfina 
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Figure  20. 


Linear  distributions  of  Echinoparyphium 


recurvatum  across  nine  duck  species.  (See 
Figure  IS  for  explanation  of  d i str i but ions) 
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Figure  21 c 


Linear  distributions  of  the  characteristic 
species  of  Ring-necked  duck  across  duck 
species,  (See  Figure  18  for  explanation  of 


distributions)  (duck  codes  as  in  Figure  17) , 
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Figure  22. 


Linear  distributions  of  the  characteristic 
species  of  Gadwall  across  duck  species. 
(See  Figure  18  for  explanation  of  distri 
butions)  (duck  codes  as  in  Figure  17) . 
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Figure  23. 


Linear  distributions  of  characteristic  species 
of  Canvasback  across  duck  species.  (See 
Figure  18  for  explanation  of  distributions) 
(duck  codes  as  in  Figure  17) „ 
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Figure  24. 


Linear  distributions  of  characteristic  species 
of  Ruddy.  (See  Fiqure  18  for  explanation  of 
distributions)  (duck  species  codes  as  in 
Figure  17) . 
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Figure  25.  Linear  distribution  of  9.  characteristic  hel 

minth  species  of  White-winged  scoter  across 
host  species.  (See  Figure  18  for  further  de¬ 
tails  and  explanation  of  the  distribution) . 
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Organization  and  Maintenance  of  Infracommunity  Structure 

In  the  preceding  paragraphs,  I  have  equated  resource 
use  to,  and  measured  it  by,  spatial  distribution  along  the 
intestine.  Unused  resources  therefore,  are  represented  by 
unoccupied  sections  within  the  intestine.  Comparison  of  the 
number  of  unoccupied  sections  indicated  widgeon  had  the 
largest  mean  number  of  empty  sections  (13)  and  scoter  the 
least  (0)  (Table  24).  These  are  the  two  duck  species  with 
the  lowest  and  highest  mean  number  of  species  and 
individuals.  The  number  of  unoccupied  sections  was 
significantly  correlated  with  the  mean  number  of  individuals 
(rho=.603)  but  not  correlated  with  mean  number  of  species. 

Bush  (1980)  examined  the  potential  for  interactions 
between  helminth  species  in  the  i nf racommuni t ies  of  lesser 
scaup  on  the  basis  of  their  spatial  utilization  patterns. 
Average  distributions  were  calculated  across 
infracommunities  for  each  helminth  species  as  "the  best 
measure  of  realized  niche";  distributions  summed  across 
infracommunities  were  equated  to  the  best  available  measure 
of  fundamental  niche  (in  the  absence  of  experimental 
evidence).  Percent  similarity  was  used  as  a  measure  of 
overlap  between  helminth  species.  Significant  reductions  in 
average  overlap  from  summed  overlap  was  interpreted  as 
evidence  of  interaction. 

Because  fifteen  of  the  sixteen  scaup  were  part  of  the 
analyses  done  by  Bush  (1980)  and  the  analyses  of  niche 
overlap  are  the  same,  I  wi 1 1  only  do  the  analyses  on  the 
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Table  24.  Mean  number  of  unoccupied  sections  in  each  species  of  duck 


Species 

* 

NS 

Widgeon 

14+7.3 

Gadwall 

9+5.1 

Ring-necked  duck 

7+4.7 

Mallard 

5+6.3 

Buf f lehead 

5+3.3 

Blue-winged  teal 

4+5.0 

Canvasback 

2+1.7 

Ruddy 

1+1.3 

Lesser  scaup 

1+1.0 

White-winged  scoter 

0+0.0 

*  NS  -  Number  of  unoccupied  section (s) 
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nine  other  host  species  were  compared  to  the  patterns  found 
by  Bush  ( 1 980 ) . 

In  the  previous  chapter  three  components  were 
identified  in  the  helminth  communities  of  the  ten  species  of 
waterfowl:  1)  characteristic  species,  2)  common  species 
(generalist  species  plus  commonly-occurring  specialists  from 
other  hosts)  and  3)  the  stochastic  element  of  infrequently 
occurring  specialists  from  other  hosts.  These  data  were  also 
examined  for  evidence  of  interactions  (average  overlap 
significantly  less  than  summed  overlap)  both  within  and 
between  the  first  two  components.  Widgeon  had  only  one 
species  which  occurred  frequently  ( contor  tus )  ,  so  no 
overlap  values  could  be  determined.  Two  duck  species, 
mallard  and  bufflehead,  did  not  have  any  characteristic 
species,  therefore  interactions  between  this  component  and 
others  could  not  be  examined.  In  scoter,  three  immature 
cestodes  were  frequent  and  two  of  these  co-occurred  with 
adult  parasites  which  may  have  been  the  same  species.  These 
were  considered  separately.  Three  species,  Cotylurus 
hebr a i cus ,  Hymeno 1 epi s  f aus t i  and  Dicranotaeni a  coronu 1  a , 
for  which  primary  hosts  could  not  be  determined  were  not 
i he  1 uded . 

Six  of  21  comparisons  between  pairs  of  characteristic 
species  had  average  overlap  values  of  less  than  one  percent 
(Figs.  26  to  32).  I  consider  average  overlap  of  less  than 
one  percent  to  be  too  small  for  detection  of  potential 
interactions  between  pairs  of  species. 
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Figure  26. 


Average  overlap  values  (Percent  Similarity) 
between  the  common  helminth  species  of 


Mallard . 


(**  indicates  P  <  0.01)  . 
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Figure  27.  Average  overlap  values  (Percent  Similarity) 

between  common  helminth  species  and  character¬ 
istic  helminth  species  of  Ring-necked  duck. 
(Code  numbers  of  characteristic  species  are 


underlined) . 
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Figure  28.  Average  overlap  values  (Percent  Similarity) 


between  the  common  helminth  species  and 
character ist ic  helminth  species  of  Ruddy. 
(Characteristic  species  are  underlined; 

**  P  <  0.01)  . 
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. 


Figure  29.  Average  overlap  values  (Percent  Similarity) 

between  the  common  helminth  species  and  the 

characteristic  helminth  species  of  Gadwall. 

(Characteristic  species  are  underlined; 

*  * 


P  <  0.01)  . 
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Figure  30.  Average  overlap  values  (Percent  Similarity) 

between  the  common  helminth  species  and 
characteristic  helminth  species  of  Blue-winged 
teal.  (Characteristic  species  are  underlined; 
**  P  <  0.01)  . 
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Figure  31  <, 


Average  overlap  values  (Percent  Similarity) 
between  the  common  helminth  species  and  the 
characteristic  helminth  species  of  Canvasback. 
(Characteristic  species  are  underlined; 


*  P  <  0.05, 


*  * 


P  <  0.01)  . 
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Figure  32. 


Average  overlap  values  (Percent  Similarity) 
between  the  common  helminth  species  and  the 
characteristic  helminth  species  of  White¬ 
winged  scoter.  (Characteristic  species  are 
underlined;  *  P  <0.05,  ** 


P  <  0.01) . 
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Only  five  of  the  remaining  15  comparisons  between 
characteristic  species  had  significantly  reduced  average 
overlaps.  Four  of  these  occurred  in  scoter  with  the  highest 
number  of  character i st ic  species  (6).  The  remaining  pair  of 
characteristic  species  with  significantly  reduced  average 
overlap  occurred  in  gadwall.  In  a  comparison  of  the 
potential  interactions  between  characteristic  species  and 
the  second  component  (common  species),  21  of  90  pairs  had 
average  overlap  values  of  less  than  one  percent.  Thirty- five 
of  the  remaining  average  overlap  values  were  significantly 
reduced  from  the  summed  overlap  values.  Fewer  interactions 
occurred  betweeen  the  characteristic  species  than  between 
these  parasite  species  and  those  of  the  second  component. 
However,  this  difference  was  not  significant  (Chi-square= 
1.27  ,  d.f.=1).  The  lack  of  difference  may  be  due  to  sample 
size.  The  number  of  significantly  reduced  average  overlap 
values  greater  than  one  percent  and  overlap  values  not 
significantly  reduced  between  the  other  common  species  were 
similar  (46  and  51,  respectively).  Analysis  combining  these 
values  and  the  values  between  character i st i c  species  and 
other  species  and  comparing  them  to  values  between  the 
characteristic  species  also  showed  no  significant  difference 
in  the  proportion  of  interactions  between  groups 
(Chi-square=  1.5,  d.f.=2). 

The  average  overlap  between  character i st i c  species  was 
significantly  less  than  the  overlap  in  all  other  comparisons 
( Chi -square=  28.3,  d.f.=2).  In  contrast,  the  mean  ranges  of 
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the  characteristic  species  were  significantly  greater  than 
the  mean  ranges  of  the  other  species  (Chi-square=  4.26, 
d.f.=2).  Thus,  despite  having  larger  ranges  the 
characteristic  species  had  smaller  average  overlap  values. 

In  the  previous  section  the  median  location  of  Hymenolepi s 
AB  occurred  in  a  more  posterior  location  in  scoter  compared 
to  its  position  in  mallard,  gadwall  and  blue-winged  teal 
(Fig.  26).  This  species  had  significantly  reduced  average 
overlap  values  with  two  of  the  six  character i st ic  species  in 
scoter,  one  with  its  median  location  anterior  to  Hymenolepi s 
AB  and  one  posterior.  The  host  generalist  Apatemon  qraci 1 i s 
also  occurred  more  posteriorly  in  scoter  compared  to  its 
location  in  other  host  species  (Fig.  19).  This  species  had 
significantly  reduced  overlap  values  with  three 
characteristic  species  of  scoter,  two  of  which  had  median 
locations  anterior  to  A^  qraci 1 i s  (Fig.  32).  Thus,  the 
evidence  suggests  that  the  characteristic  species  in  scoter 
influenced  the  distribution  of  some  of  the  other  species  and 
interacted  among  themselves.  Within  scoter  an  immature 
taxon,  Abort?,  occurred  with  Hymenolepi s  abor t i va 
(characteristic  species  of  scaup),  with  which  it  had 
morphological  similarities,  the  average  overlap  value 
between  these  two  taxa  was  significantly  reduced.  This 
suggests  that  the  immature  individuals  are  being  forced  to 
the  extremes  of  their  microhabitat. 

Comparison  of  the  number  of  interactions  between 
parasite  species  in  the  different  host  species  indicated 
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that  the  proportion  of  interactions  in  duck  species  with  low 
size  and  complexity  (mallard,  gadwall,  ring -necked  duck, 
bufflehead,  blue-winged  teal,  ruddy)  and  duck  species  with 
higher  size  and  complexity  (canvasback,  scoter)  were  similar 
(Chi-square=  0.13,  0.42,  d.f.=1).  Comparison  of  the  amount 
of  average  overlap  (<10%,  10-20%,  >20%),  however,  indicated 
there  was  significantly  more  overlap  between  parasite 
species  in  scoter  and  canvasback  than  the  other  duck  species 
( Chi -square=6 . 6 ,  d.f.=2) 

DISCUSSION 

Price's  (1980)  conclusion  that  parasite  species  are 
specialists  in  resource  exploitation  was  in  part  based  upon 
evidence  in  the  literature  of  microhabitat  specificity  shown 
by  several  parasite  species.  Within  this  study,  most 
parasite  species  in  the  intestine  showed  little  variability 
in  their  median  locations,  either  within  or  between 
different  host  species.  In  addition,  the  median  location  did 
not  change  with  increasing  population  size,  although  range 
occupied  often  did.  Most  taxa  had  mean  ranges  of  less  than 
30%  of  the  small  intestine,  but  eight  had  mean  ranges  of 
greater  than  50%,  and  even  more  had  maximum  ranges  spanning 
almost  the  entire  intestine.  These  features  indicate  that 
within  individual  birds,  most  of  these  parasites  were 
microhabitat  specialists,  but  that  some,  for  which 
microhabitat  specificity  appeared  to  be  a  function  of 
population  size,  were  at  least  potentially  microhabitat 
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general i sts . 

The  predictable  and  restricted  locations  occupied  by 
most  helminth  species  within  the  intestine,  the  predictable 
sequence  of  those  locations,  and  their  regular  distribution 
along  the  intestine  all  imply  that  the  infracommunities  are 
structured.  The  fact  that  median  points  are  more  regularly 
distributed  than  expected  by  chance  strongly  suggests  that 
an  interactive  mechanism  is  involved,  and  argues  against  the 
independent  adaptation  to  different  locations  within  the 
intestine  suggested  by  Price  (1980). 

Bush  (1980)  suggested  that  within  the  intestinal 
helminth  communities  of  scaup,  the  deterministic  component 
was  structured  through  interactive  mechanisms,  but  that  the 
stochastic  component  was  noninteractive.  Sample  sizes  within 
this  study  precluded  examination  of  the  stochastic 
component.  However,  the  number  of  ducks  examined  allowed  me 
to  separate  the  deterministic  component  of  Bush  (1980)  into 
two  parts,  the  characteristic  species  and  other  frequently 
occurring  species.  The  character i st i c  species  were  the  host 
specialists,  which  presumably  have  co-occurred  with  each 
other  regularly,  and  which  would  be  expected  to  show  the 
greatest  evolutionary  co-adaptation  (Holmes  and  Price, 

1981).  The  other  frequently  occurring  species  are 
generalists  and  species  which  were  specialists  in  other 
hosts.  Although  these  species  may  co-occurred  frequently, 
their  major  populations  were  more  widely  distributed  (and 
subject  to  more  varied  selection  pressures)  or  were  in  other 
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hosts,  where  they  were  subject  to  evolutionary  pressures 
from  other  groups  of  parasites.  It  is  not  suprising, 
therefore  that,  there  was  significantly  less  overlap  between 
the  characteristic  species  (despite  their  large  average 
ranges  within  the  intestine).  Although  these  species  had 
proportionally  fewer  interactions,  the  difference  was  not 
significant  and  needs  to  be  examined  with  larger  sample 
sizes.  However,  the  smaller  amount  of  overlap  despite  larger 
ranges  is  a  feature  expected  from  a  group  of  coevolved 
spec i a  lists. 

In  scoter,  in  which  the  parasite  communities  had  high 
complexity  and  large  numbers  of  individuals,  the  number  of 
interactions  between  the  characteristic  species  (4)  was 
higher  than  in  the  other  duck  species  (1).  In  scaup,  Bush 
(1980)  noted  that  most  of  the  frequent  species,  including 
the  eight  characteristic  species  identified  in  this  study, 
showed  significantly  reduced  average  overlap  values.  The 
increased  number  of  interactions  with  increasing  number  of 
characteristic  species  may  indicate  that  these 
infracommunities  are  saturated.  However,  scoter  have  a  much 
larger  intestine,  both  in  length  and  radius  (personal 
observation),  than  the  other  duck  species.  At  least  two  of 
the  overlapping  characteristic  species  in  scoter  were 
observed  to  form  irregular  aggregations,  within  individual 
5%  sections  of  the  intestine,  with  empty  space  separating 
groups  of  individuals  and  co-occurring  helminth  species. 

This  pattern  was  not  observed  in  scaup,  in  which  parasites 
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tended  to  be  uniformly  distributed  around  and  along  the 
intestine. 

The  duck  species  with  few  parasite  species  and 
individuals  had  many  unoccupied  sections,  in  these 
situations  the  aggregations  of  individual  parasite  may  have 
been  a  result  of  selection  pressures  to  mate  in  sparse 
populations  (Rohde,  1979). 

In  conclusion,  both  interactive  and  noni nteract i ve 
explanations  can  be  applied  to  the  helminth  communities  in 
waterfowl.  However,  Price's  (1980)  statement  that  most  cases 
of  parasite  coexistence  involve  predominantly  noni nteract i ve 
niche  occupation  is  not  supported  by  this  study. 

Interactions  between  species  were  not  uncommon  and  for  at 
least  two  species  in  white-winged  scoter  ( Apatemon  qraci 1 i s . 
Hymenolepi s  AB),  the  different  position  they  occupied  (as 
compared  to  their  position  in  other  hosts)  appeared  to  be  a 
direct  response  to  interactions  with  characteristic  species 
within  the  same  region  of  the  intestine. 
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IV. 


ORGANIZATION  OF  INTESTINAL  HELMINTH  COMMUNITIES  IN  WATERFOWL 
ALONG  TWO  RESOURCE  AXES 

Generalist  and  Specialist  Species  on  Two  Resource  Axes 

In  the  previous  two  chapters  I  examined  the  resource 
use  of  helminth  parasites  along  two  nested  resource  axes: 
host  species  and  the  microhabitats  within  the  intestine. 
Resource  use  across  host  species  was  measured  by  the  niche 
breadth  of  mature  individuals  ( B' a ( mature )) .  Resource  use 
within  the  intestine  was  determined  by  mean  range  occupied 
within  infracommunities.  The  analysis  demonstrated  that,  on 
each  axis,  parasite  species  may  fall  anywhere  along  a 
continuum  from  extreme  specialist  to  extreme  generalist. 
Obviously,  generalist  and  specialist  are  relative  terms. 
However,  describing  a  species  as  a  specialist  or  generalist, 
only  applies  to  one  resource  axis. 

Because  specialist  and  generalist  are  relative  terms 
along  a  continuum  it  is  difficult  to  assign  a  critical  value 
to  separate  one  group  from  another.  The  simplest  method  is 
to  compare  the  extremes  of  the  continuum.  For  this  purpose  I 
will  use  the  seven  species  which  are  at  each  extreme  of  the 
continuum  in  comparing  niche  breadth  (  B' a  (mature )  )  along  the 
host  resource  axis.  The  seven  host  generalists  include 
Hymenolepi s  hopKinsi ,  Capi 1 1 ar i a  anat i s ,  Notocoty 1  us 
at  tenua tus .  Po 1 ymorphus  contor  tus ,  Corynosoma  cons  tr i ctum. 

F i mbr i ar i a  fasciolar i s ,  and  Apatemon  qraci 1 i s  (Table  25). 
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The  seven  host  specialists  include  WWW,  Echinocotyle  NNN , 
E .  rosseter i .  Later i porus  mathevoss i anae  H .  a Iber tensi s ,  H . 
melani ttae,  and  formosoides . 

Three  of  the  host  generalist  species  inhabited  the 
caeca  in  all  hosts  and  were  obviously  microhabitat 
specialists  relative  to  those  which  occupy  the  intestine 
(Table  25).  Within  the  intestine  two  of  the  generalist 
species  had  mean  ranges  of  less  than  15%  of  the  intestine 
and  two  species  had  mean  ranges  greater  than  20%  of  the 
i ntest i ne . 

The  host  specialists  showed  similar  variation  between 
parasite  species.  Two  species  had  mean  ranges  of  less  than 
15%  and  two  species  had  mean  ranges  of  greater  than  50%  of 
the  intestine.  Comparison  of  the  maximum  range  occupied  by  a 
parasite  species  in  one  host  individual  demonstrated  similar 
relationships  between  the  two  parasite  groups.  The  caeca 
were  equated  to  a  5%  section  of  the  intestine.  Some  of  the 
host  specialists  occupied  a  maximum  range  of  the  entire 
intest i ne . 

An  alternative,  and  perhaps  better  analysis  is  to 
examine  the  distribution  of  all  common  species  as  defined  by 
their  positions  along  both  resource  axes  (using  mean  range 
as  the  measure  of  microhabitat  resource  use  and  B'a(mature) 
as  the  measure  of  resource  use  along  the  host  axis)  (Fig. 

33).  Since  parasites  which  mature  in  several  host  species 
may  have  very  different  microhabitat  ranges  in  the  different 
host  species,  each  parasite  entered  the  figure  separately 
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Table  25.  Niche  breadth  measures  along  two  resource  axes  (host  and 
microhabitat)  of  generalist  and  specialist  helminth 
species  from  ten  species  of  ducks. 


* 

Nh 

B'a(mature) 

kk 

Mean  range 

Maximum  range 

GENERALISTS 

H.  hopkinsi 

10 

0.16 

Caeca 

5 

C.  anatis 

8 

0.34 

Caeca 

5 

N.  attenuatus 

8 

0.34 

Caeca 

5 

P.  contortus 

8 

0.35 

11+  4.1 

45 

C.  constrictum 

9 

0.35 

12+  8.6 

50 

A.  gracilis 

10 

0.57 

23+12.3 

75 

F.  fasciolaris 

9 

0.36 

24+12.4 

65 

SPECIALISTS 

H. 

WWW  1 

0.01 

11+  1.9 

15 

E. 

rosseteri  1 

0.04 

27+17.5 

55 

E. 

NNN  1 

0.04 

10+  9.1 

30 

L. 

mathevossianae  1 

0.11 

41+22.9 

70 

H. 

melanittae  1 

0.08 

52+28.0 

100 

H. 

formosoides  1 

0.07 

21+10.6 

40 

H. 

albertensis  1 

0.08 

85+17.0 

105 

*N,  -  number  of  hosts  infected 

h 

**  Mean  range  for  generalists  is  the  mean  of  the  mean  range  in  all 
hosts  infected. 
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Figure  33,  Comparison  of  the  number  of  helminth  species 

along  two  resource  axes  (host  and  microhabitat). 
Host  axis  is  measured  by  the  niche  breadth  of 
mature  species  (B'a  (mature))  and  the  micro¬ 
habitat  axis  is  measured  by  the  mean  range  of 
helminth  species  location  in  the  intestine. 
Dotted  line  indicates  separation  between  rel¬ 
ative  specialists  and  generalists  along  each 
axis  (e.g.  lower  left  quadrat  are  specialists 


on  both  axes) . 
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for  each  host  in  which  it  matured.  Many  species  were 

v. 

specialists  on  both  axes,  others  were  specialists  on  one  and 
generalists  on  another,  and  some  were  generalists  on  both.  A 
chi-square  test  indicated  the  distribution  along  the  two 
axes  were  not  independent  (Chi-square=  4.07,  p<.05),  but 
complementary.  Thus,  there  is  no  reason  to  assume  the  use  of 
resources  by  sympatric  species  will  be  the  same  on  all 
resource  axes,  nor  is  there  reason  to  conclude  that  all 
parasite  species  are  specialists.  Parasites  show  the  same 
variation  in  specialization  on  resource  axes,  and  the  same 
pattern  of  complementarity  of  specialization  (Pianka,  1978) 
on  different  resource  axes  as  other  organisms. 
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Interactive  and  Noninteractive  Community  Structure 

Two  basically  different  explanations  have  been  proposed 
for  the  microhabitat  specificity  observed  in  parasites  and 
the  consequent  nature  of  parasite  communities.  Holmes  (1973) 
proposed  that  parasite  communities  were  mature  and  that 
selective  site  segregation  was  a  response  to  interactions 
with  other  parasite  species.  Price  (1980)  proposed  that 
parasite  communities  are  assemblages  of  specialists  adapted 
to  specific  microhabitats  because  of  unspecified  selection 
pressures  other  than  competition. 

Holmes  and  Price  (1980)  have  compared  the  two 
hypotheses  of  parasite  community  structure  to  the  theory  of 
community  development  proposed  by  Wilson  (1969).  Price's 
view  was  equated  with  Wilson's  initial  nonini teract i ve  phase 
during  which  helminth  species  colonize  a  new  and 
underutilized  habitat.  Holmes's  view  was  equated  with 
Wilson's  final  evolutionary  phase  in  which  helminth  species 
no  longer  interact  because  they  have  adapted  to  coexist  with 
the  pattern  of  exploitation  of  resources  by  other  species. 

Holmes  and  Price  (1980)  have  also  provided  predictions 
as  to  five  features  one  would  expect  to  observe  in  parasite 
communities  if  they  conformed  with  either  the  initial 
non i nter act i ve  phase  of  community  development  or  the  final 
evolutionary  phase  of  development.  Predictions  concerning 
three  of  these  features  are  applicable  to  this  study. 

The  first  prediction  states  that  parasite  communities 
in  the  initial  noninteractive  phase  should  have  many  vacant 
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niches  available  for  colonization,  whereas  in  the  final 
evolutionary  phase  there  will  be  few  or  no  vacant  niches. 
Within  this  study,  the  ten  duck  species  were  arranged  on  a 
loose  cline  of  complexity,  size  and  similarity  between 
helminth  communities.  The  species  with  low  complexity  and 
small  sized  helminth  communities  had  unused  resources 
(unoccupied  sections)  available  for  colonization  and  thus 
correspond  to  the  view  of  a  young  parasite  community.  The 
helminth  communities  with  high  complexity  and  large  size  had 
no  unoccupied  sections,  and  thus  correspond  to  the  view  of  a 
mature  parasite  community. 

The  second  prediction  states  that  the  parasite 
communities  in  the  initial  phase  will  have  few  helminth 
species  not  abutting  in  distribution,  and  some  helminth 
species  showing  considerable  overlap  (>70%)  on  relevant 
resource  gradients.  Parasite  communities  in  the  final  phase 
of  development  will  have  many  adjacent  helminth  species 
abutting,  or  if  overlapping,  the  overlap  will  be  less  than 
70%.  This  prediction  can  be  examined  along  the  loose  cline 
of  helminth  communities  from  low  to  high  complexity.  I  wi 1 1 
measure  "abutting"  distributions  as  those  which  have  a  mean 
overlap  of  1-10%.  Using  this  criterion,  the  complex  parasite 
communities  in  scoter  and  canvasbacK  had  a  high  proportion 
(33%  of  pairs)  of  abutting  distributions,  and  a  small 
proportion  (12%)  of  distributions  with  50%  overlap  or  more. 
Parasite  communities  in  scaup  showed  a  similar  pattern  (46% 
abutting,  1%  with  50%  overlap  or  more-  Bush,  1980).  The 
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parasite  communities  in  the  other  six  ducks  had  a  very  small 
proportion  of  abutting  distributions  (8%)  but  about  the  same 
proportion  showing  high  overlap  (9%).  In  addition,  there  was 
significantly  less  overlap  between  the  characteristic 
species  than  between  the  other  species  within  the  intestine 
even  though  the  ranges  of  the  characteristic  species  were 
significantly  larger  than  the  ranges  of  the  other  species. 
Clearly,  the  extremes  of  the  parasite  communities  (low 
complexity,  low  similarity  and  high  complexity,  high 
similarity)  correspond  with  the  young  and  mature  views  of 
community  structure,  respectively. 

The  third  prediction  states  that  hosts  with  similar 
sets  of  resources  (i.e.,  adult  ducks  of  one  species)  should 
support  an  unpredictable  number  of  helminth  species  in  the 
initial  noninteractive  phase  of  development,  but  a 
predictable  number  in  the  final  phase.  Restated,  there  will 
be  few  common  or  char acter i s t i c  helmith  species  in  parasite 
communities  in  the  initial  phase  of  community  development. 

In  the  evolutionary  phase,  a  predictable  number  of  helminth 
species  should  be  present.  This  prediction  of  a  consistent 
number  of  species  is  again  reflected  along  the  cline  of 
helminth  communities.  Widgeon  and  bufflehead  with  low 
similarity  between  individuals  had  no  characteristic  species 
and  had  an  unpredictable  suite  of  parasites.  Helminth 
communities  with  high  similarity  obviously  have  a 
predictable  component. 
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Thus,  it  is  clear  the  two  ends  of  the  continuum  of 
parasite  communities,  from  low  complexity,  small  size  and 
low  similarity  to  high  complexity,  large  size  and  high 
similarity  agree  with  the  predictions  of  the  two  views  of 
parasite  community  structure,  the  former  with  predictons  for 
a  young  community  the  latter  for  a  mature  community.  The 
fact  that  parasite  communites  in  waterfowl  agree  with  the 
initial  and  final  phases  of  community  development  and  show 
evidence  for  both  interactive  and  noni nter act i ve  mechanisms 
of  community  structure,  is  not  surprising  if  parasites  are 
viewed  as  being  capable  of  spanning  all  options  of  resource 
use  in  a  similar  manner  to  freeliving  organisms  and  not 
restricted  to  being  extreme  specialists  in  resource 
exploi tat  ion . 
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Appendix  1 


Species ,  lake,  month,  year,  sex  and  weight 
of  birds  used  in  this  study. 
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Appendix  2. 


Helminth  species  codes  (numerical)  for  118 
taxa  recovered  from  ten  species  of 


ducks . 
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Appendix  3. 


Taxonomic  characters  of  helminth  species  that 
could  not  be  identified.  Hook  lengths  are  in 


micrometers . 
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Denotes  no  mature  individual  specimens  (no  presence  of  shelled  eggs)  were  found. 


Appendix  5.  Composition  of  parasite  species  groups  derived  by  cluster  analysis  using  Euclidean  distance  for  75  taxa  of  helminths. 
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Appendix  6.  Proportional  values  of  helminth  species  groups 

derived  by  cluster  analyses  using  Jaccard's 
Coefficient  and  Euclidean  distance  in  each 
duck  group  and  duck  species. 
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The  proportion  of  each  helminth  species  group  in  all  duck  groups  derived  by  cluster  analysis  using  Euclidean  distance. 
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The  proportion  of  each  helminth  species  group  (Jaccard's  Coefficient)  within  each  duck  species. 
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Data  matrix  of  parasite  species  and  waterfowl 
used  in  this  study. 
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Appendix  7  (continued) 

Key  to  Appendix  7.  (Numeric  Codes) 


Column  1 

(2  digits)  Duck 

Codes 

01 

-  Mallard 

02 

-  Widgeon 

03 

-  Gadwall 

04 

-  Blue-winged  teal 

05 

-  Ruddy 

06 

-  Bufflehead 

07 

-  Canvasback 

08 

-  Ring-necked  duck 

09 

-  White-winged 

scoter 

10 

-  Lesser  scaup 

Column  2 

(2  digits)  Bird 

number 

Column  3 

(.5  digits)  Lake 

,  month 

Lake  Codes 

01 

-  Charron 

02 

-  Bellshill 

03 

-  Wadlin 

04 

-  Chip 

05 

-  Cowoki 

06 

-  Bistcho 

07 

-  Lanes 

08 

-  Dusty 

09 

-  Cow 

10 

-  Wolf 

11 

-  Fleeinghorse 

12 

-  Rattlesnake 

■ 


X 


.  . 
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Appendix  7  (continued) 

Column  4  (2  digits)  Sex 

01  -  male 
02  -  female 
-0  -  unknown 

Column  5  (3  digits)  Length  of  small  intestine  (cm) 

Column  6  (4  digits)  Parasite  species  codes 

(as  listed  in  Appendix  2) 

Column  7  (2  digits)  Gut  section  number 

01-20  -  Five  percent  sections  of  small 
intestine  (01  -  anterior  end) 

21  -  large  intestine 

22  -  caeca 

Column  8  (5  digits)  Number  of  mature  parasites  per 

section 

Column  9  (5  digits)  Number  of  immature  parasites 

per  section 

Column  10  (5  digits)  Total  numbers  of  parasites  per 

section 


• 

. 


01  01  01679  02  154  0016  01  00000  OOOOI  00001 

01  01  01679  02  154  0016  02  OOOOO  OOOOI  00001 

01  01  01679  02  154  0016  03  00002  00003  00005 

01  01  01679  02  154  0016  04  OOO 1 1  00012  00023 

01  01  01679  02  154  0016  05  00008  00008  00016 

01  01  01679  02  154  0016  06  00008  00007  00016 

01  01  01679  02  154  0016  07  OOOOI  00005  00006 

01  01  01679  02  154  0016  08  OOOOO  OOOOI  OOOOI 

Ol  01  01679  02  154  0002  04  OOOOI  OOOOO  OOOOI 

01  01  01679  02  154  0007  04  OOOOO  00002  00002 

01  01  01679  02  154  0007  06  OOOOO  OOOOI  OOOOI 

01  01  01679  02  154  0025  07  OOOOO  OOOOI  OOOOI 

01  01  01679  02  154  0025  08  OOOOO  00002  00002 

01  01  01679  02  154  0025  09  OOOOO  00005  00005 

01  01  01679  02  154  0025  10  OOOOO  00007  00007 

Ol  01  01679  02  154  0025  11  OOOOO  OOOIO  OOOIO 

01  01  01679  02  154  0003  10  OOOOO  OOOOI  OOOOI 

01  01  01679  02  154  0028  10  OOOOO  OOOOI  OOOOI 

01  01  01679  02  154  0028  15  OOOOO  OOOOI  OOOOI 

01  01  01679  02  154  0054  12  OOOOO  OOOOI  OOOOI 

01  01  01679  02  154  0054  13  OOOOO  00002  00002 

01  01  01679  02  154  0010  16  OOOOO  OOOOI  OOOOI 

01  01  01679  02  154  0006  21  00008  00005  00013 

01  01  01679  02  154  0004  22  OOOOO  OOOOI  OOOOI 

01  01  01679  02  154  0019  22  OOOOI  OOOOO  OOOOI 

01  02  01679  02  148  0001  01  OOOOO  00012  00012 

01  02  01679  02  148  OOO 1  02  OOOOO  00017  00017 

01  02  01679  02  148  OOO 1  03  OOOOO  00013  00013 

01  02  01679  02  148  0001  04  OOOOO  00009  00009 

01  02  01679  02  148  0001  05  OOOOO  00008  00008 

01  02  01679  02  148  OOO 1  06  OOOOO  OOOOI  OOOOI 

01  02  01679  02  148  0007  02  OOOOO  OOOOI  OOOOI 

01  02  01679  02  148  0007  07  OOOOO  OOOOI  OOOOI 

01  02  01679  02  148  0007  08  OOOOO  OOOOI  OOOOI 

01  02  01679  02  148  0016  03  OOOOO  OOOOI  OOOOI 

01  02  01679  02  148  0016  04  OOOOO  OOOOI  OOOOI 

01  02  01679  02  148  0016  05  00005  00011  00016 

01  02  01679  02  148  0016  06  00002  00009  00011 

01  02  01679  02  148  0016  07  OOOOO  00002  00002 

01  02  01679  02  148  0016  08  OOOOO  00002  00002 

01  02  01679  02  148  0002  04  OOOOI  OOOOO  OOOOI 

01  02  01679  02  148  0074  03  OOOOO  OOOOI  OOOOI 

01  02  01679  02  148  0031  04  OOOOO  OOOOI  OOOOI 

01  02  01679  02  148  0031  05  OOOOO  OOOOI  OOOOI 

01  02  01679  02  148  0031  06  OOOOI  OOOOO  OOOOI 

01  02  01679  02  148  0031  07  OOOOO  00003  00003 

01  02  01679  02  148  0031  08  OOOOO  00007  00007 

01  02  01679  02  148  0055  05  00003  OOOOI  00004 

01  02  01679  02  148  0055  06  00005  OOOOO  00005 

01  02  01679  02  148  0055  07  00003  OOOOI  00004 

01  02  01679  02  148  0055  08  OOOOO  00003  00003 

01  02  01679  02  148  0055  09  OOOOO  00002  00002 

01  02  01679  02  148  0012  06  OOOOO  OOOOI  OOOOI 

01  02  01679  02  148  0012  08  OOOOI  OOOOI  00002 

01  02  01679  02  148  0012  10  OOOOO  00002  00002 

01  02  01679  02  148  0025  09  OOOOO  00006  00006 

01  02  01679  02  148  0025  10  OOOOO  00014  00014 

01  02  01679  02  148  0025  11  OOOOO  00014  00014 

01  02  01679  02  148  0025  12  OOOOO  00005  00005 

01  02  01679  02  148  0083  09  OOOOO  00002  00002 

01  02  01679  02  148  0106  11  OOOOO  OOOOI  OOOOI 

01  02  01679  02  148  0027  12  OOOOI  OOOOO  OOOOI 

01  02  01679  02  148  0027  13  00009  OOOOO  00009 

01  02  01679  02  148  0027  14  00008  OOOOO  00008 

01  02  01679  02  148  0027  15  OOO 1 1  OOOOO  OOO 1 1 

01  02  01679  02  '148  0027  16  00012  OOOOO  00012 

01  02  01679  02  148  0027  17  OOOIO  OOOOO  OOOIO 

01  02  01679  02  148  0027  18  00008  OOOOI  00009 

01  02  01679  02  148  0027  19  00007  OOOOO  00007 

01  02  01679  02  148  0027  20  00003  OOOOO  00003 

01  02  01679  02  148  0003  14  OOOOO  OOOOI  OOOOI 
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0  1 

02 

01679 

02 

148 

0003 

16 

OOOOO 

OOOOI 

OOOOI 

01 

02 

01679 

02 

148 

0003 

19 

OOOOI 

OOOOO 

OOOOI 

01 

02 

01679 

02 

148 

0003 

20 

OOOOI 

OOOOO 

OOOOI 

01 

02 

01679 

02 

148 

0103 

18 

OOOOO 

00003 

00003 

01 

02 

01679 

02 

148 

0103 

19 

OOOOO 

00007 

00007 

01 

02 

01679 

02 

148 

0103 

20 

OOOOO 

00006 

00006 

01 

02 

01679 

02 

148 

0046 

19 

OOOOI 

OOOOO 

OOOOI 

01 

02 

01679 

02 

148 

0006 

2  1 

00029 

00016 

00035 

01 

02 

01679 

02 

148 

0004 

22 

00110 

0008  1 

0019  1 

01 

02 

01679 

02 

148 

0028 

22 

OOOOO 

OOOOI 

OOOOI 

01 

02 

01679 

02 

148 

0015 

22 

OOOOI 

OOOOO 

OOOOI 

01 

02 

01679 

02 

148 

0014 

22 

OOOOI 

OOOOO 

OOOOI 

01 

03 

01577 

02 

158 

0001 

01 

OOOOO 

00002 

00002 

01 

03 

01577 

02 

158 

OOOI 

02 

OOOOO 

00008 

00008 

01 

03 

01577 

02 

158 

0001 

03 

OOOOO 

00002 

00002 

01 

03 

01577 

02 

158 

0001 

04 

OOOOO 

00002 

00002 

01 

03 

01577 

02 

158 

0016 

02 

OOOOO 

00004 

00004 

01 

03 

01577 

02 

158 

0016 

03 

OOOOI 

OOOOI 

00002 

01 

03 

01577 

02 

158 

0016 

04 

OOOOO 

00013 

00013 

01 

03 

01577 

02 

158 

0016 

05 

OOOOO 

00006 

00006 

01 

03 

01577 

02 

158 

0016 

06 

OOOOO 

OOOOI 

OOOOI 

01 

03 

01577 

02 

158 

0074 

02 

OOOOO 

00004 

00004 

01 

03 

01577 

02 

158 

0074 

04 

OOOOO 

00003 

00003 

01 

03 

01577 

02 

158 

0074 

05 

OOOOO 

00003 

00003 

01 

03 

01577 

02 

158 

0074 

06 

OOOOO 

00004 

00004 

01 

03 

01577 

02 

158 

0074 

07 

OOOOO 

00004 

00004 

01 

03 

01577 

02 

158 

0002 

03 

OOOOO 

00003 

00003 

01 

03 

01577 

02 

158 

0002 

04 

OOO  10 

00005 

00015 

01 

03 

01577 

02 

158 

0002 

05 

OOOOI 

OOOOO 

OOOOI 

01 

03 

01577 

02 

158 

0002 

06 

OOOOI 

OOOOI 

00002 

01 

03 

01577 

02 

158 

0002 

07 

OOOOI 

OOOOI 

00002 

01 

03 

01577 

02 

158 

0002 

08 

OOOOO 

OOOOI 

OOOOI 

01 

03 

01577 

02 

158 

0025 

06 

OOOOO 

00002 

00002 

01  03  01577  02  158  0025  07  OOOOO  OOOO 1  OOOO 1 

01  03  01577  02  158  0025  08  OOOOO  00009  00009 

01  03  01577  02  158  0025  09  OOOOO  00011  00011 

01  03  01577  02  158  0025  10  OOOOO  00006  00006 

01  03  01577  02  158  0025  11  OOOOO  00002  00002 

01  03  01577  02  158  0083  07  OOOOO  OOOO 1  OOOO 1 

01  03  01577  02  158  0083  08  OOOOO  OOOOI  00001 

01  03  01577  02  158  0105  08  OOOOO  00001  OOOOI 

01  03  01577  02  158  0095  12  OOOOO  00002  00002 

01  .03  01577  02  158  0046  08  OOOOO  OOOOI  OOOOI 

01  03  01577  02  158  0046  12  00002  OOOOI  00003 

01  03  01577  02  158  0046  13  00002  OOOOO  00002 

01  03  01577  02  158  0003  12  OOOOI  OOOOO  OOOOI 

01  03  01577  02  '  158  0003  13  OOOOO  00002  00002 

01  03  01577  02  158  0003  14  OOOOO  OOOOI  OOOOI 

01  03  01577  02  158  0003  15  OOOOO  OOOOI  OOOOI 

01  03  01577  02  158  0003  16  00003  OOOOI  00004 

01  03  01577  02  158  0003  17  00004  OOOOO  00004 

01  03  01577  02  158  0003  18  00004  OOOOI  00005 

01  03  01577  02  158  0003  19  00002  OOOOI  00003 

01  03  01577  02  158  0003  20  00002  OOOOI  00003 

01  03  01577  02  158  0004  22  00021  00060  00081 

01  03  01577  02  158  0006  21  00059  00009  00068 

01  03  01577  02  158  0019  22  00006  OOOOO  00006 

01  04  02679  01  152  0001  02  OOOOO  00002  00002 

01  04  02679  01  152  OOO 1  03  OOOOO  00004  00004 

01  04  02679  01  152  0001  07  OOOOO  OOOOI  OOOOI 

01  04  02679  01  152  0001  08  OOOOO  OOOOI  OOOOI 

01  04  02679  01  152  0016  03  OOOOO  OOOOI  OOOOI 

01  04  02679  Ol  152  0016  04  OOOOO  00003  00003 
01  04  02679  01  152  0016  05  OOOOO  OOOOI  OOOOI 

01  04  02679  01  152  0016  06  OOOOO  00004  00004 

01  04  02679  01  152  0018  03  OOOOO  00003  00003 

01  04  02679  01  152  0018  04  OOOOO  00002  00002 

01  04  02679  01  152  0018  06  OOOOO  OOOOI  OOOOI 

01  04  02679  01  152  0012  03  OOOOO  00002  00002 

01  04  02679  01  152  0012  05  OOOOO  00002  00002 

01  04  02679  01  152  0012  06  OOOOO  OOOOI  OOOOI 

01  04  02679  01  152  0012  08  OOOOO  OOOOI  OOOOI 

01  04  02679  01  152  0012  10  OOOOO  OOOOI  OOOOI 
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01  04  02679  01 
01  04  02679  Ol 
01  04  02679  01 
01  04  02679  01 
01  04  02679  01 
01  04  02679  01 
01  04  02679  01 
01  04  02679  Ol 
01  04  02679  Ol 
01  04  02679  01 
01  04  02679  01 
01  04  02679  01 
Ol  04  02679  Ol 
01  04  02679  01 
01  04  02679  01 
01  04  02679  01 
01  04  02679  01 
01  04  02679  01 
01  04  02679  01 
01  04  02679  01 
01  04  02679  01 
01  05  02779  -0 
01  05  02879  -0 
01  05  02879  -0 
01  05  02879  -0 
01  05  02879  -0 
01  05  02879  -0 
01  05  02879  -0 
01  05  02879  -0 
01  05  02879  -0 
01  05  02879  -0 
01  05  02879  -0 
01  05  02879  -0 
01  05  02879  -0 
01  05  02879  -0 
01  05  02879  -0 
01  05  02879  -0 
01  05  02879  -O 
01  05  02879  -0 
01  05  02879  -0 
01  05  02879  -0 
01  05  02879  -0 
01  05  02879  -0 
01  05  02879  -0 
01  05  02879  -0 
01  05  02879  -0 
01  05  02879  -0 
01  05  02879  -0 
01  05  02879  -0 
01  05  02879  -0 
01  05  02879  -0 
01  05  02879  -0 
01  06  03779  02 
01  06  03779  02 
01  06  03779  02 
01  06  03779  02 
01  06  03779  02 
01  06  03779  02 
01  06  03779  02 
01  06  03779  02 
01  06  03779  02 
01  06  03779  02 
01  06  03779  02 
01  06  03779  02 
01  06  03779  02 
01  06  03779  02 
01  06  03779  02 
01  06  03779  02 
01  06  03779  Q2 
01  06  03779  02 


152  0025  05  00000  OOOO 1  OOOO 1 
152  0025  06  OOOOO  00002  00002 
152  0025  07  OOOOO  OOOO 1  00001 
152  0056  05  OOOOO  00001  OOOO 1 
152  0056  06  OOOOO  00002  00002 
152  0056  07  OOOOO  OOOO 1  OOOO 1 
152  0056  08  OOOOO  OOOOI  00001 
152  0002  05  00002  OOOOO  00002 
152  0020  06  OOOOO  OOOOI  OOOOI 
152  0031  09  OOOOO  00006  00006 
152  0031  10  OOOOO  OOOOI  OOOOI 

152  0008  10  OOOOO  OOOOI  OOOOI 
152  0027  13  OOOOI  OOOOO  OOOOI 
152  0027  14  OOOOI  OOOOO  OOOOI 
152  0027  17  OOOOI  OOOOO  OOOOI 
152  0003  15  OOOOI  OOOOO  OOOOI 
152  0003  17  OOOOO  OOOOI  OOOOI 
152  0003  18  OOOOO  OOOOI  OOOOI 
152  0006  21  00005  OOOOO  00005 
152  0004  22  00086  00060  00146 
152  0021  22  OOOOO  00002  00002 
150  OOOI  01  OOOOO  OOOOI  OOOOI 
150  0001  02  OOOOO  00002  00002 
150  0001  03  OOOOO  OOOOI  OOOOI 
150  0001  04  OOOOO  00002  00002 
150  0016  01  OOOOO  00002  00002 
150  0016  03  OOOOO  OOOOI  OOOOI 
150  0016  04  OOOOO  OOOOI  OOOOI 
150  0016  05  OOOOO  00004  00004 
150  0016  06  OOOOO  00002  00002 
150  0002  04  OOOOI  OOOOO  OOOOI 
150  0002  05  00004  OOOOO  00004 
150  0002  09  OOOOI  OOOOO  OOOOI 
150  0056  06  OOOOO  OOOOI  OOOOI 
150  0044  06  OOOOO  OOOOI  OOOOI 
150  0044  07  OOOOO  OOOOI  OOOOI 
150  0044  10  OOOOO  OOOOI  OOOOI 
150  0044  11  OOOOO  00006  00006 
150  0066  09  OOOOO  OOOOI  OOOOI 
1 50  0003  1 1  OOOOO  OOOO 1  OOOO 1 
150  0003  12  OOOOO  OOOOI  OOOOI 
150  0003  14  00002  00002  00004 
150  0003  15  00003  00007  OOOIO 
150  0003  16  00002  OOOOI  00003 
1 50  0003  1 7  OOO 1 1  OOOO 1  000 1 2 
150  0003  18  OOOOO  00002  00002 
1 50  004 1  1 6  OOOOO  OOOO 1  OOOO 1 

1 50  004 1  1 7  OOOO 1  OOOOO  OOOO 1 

150  0006  18  OOOOO  OOOOI  OOOOI 
150  0006  21  00023  OOOOI  00024 
150  OOIO  18  OOOOO  OOOOI  OOOOI 
150  0004  22  OOOOO  00023  00023 
131  0001  01  OOOOO  00007  00007 
1 3 1  000 1  02  OOOOO  00006  00006 
1 3 1  000 1  07  OOOOO  00002  00002 
131  0001  10  OOOOO  00003  00003 
131  0007  01  00008  00002  00010 
1 3 1  0007  02  00007  00004  000 1 1 
1 3 1  0007  03  00003  OOOO 1  00004 
1 3 1  0007  04  OOOO 1  OOOOO  OOOO 1 
131  0007  05  OOOOO  OOOOI  OOOOI 
131  0007  06  OOOOI  OOOOO  OOOOI 
131  0007  08  OOOOI  OOOOO  OOOOI 
131  0016  01  OOOOO  00006  00006 
131  0016  02  OOOOO  00004  00004 
131  0016  03  OOOOO  00007  00007 
131  0016  04  OOOOO  00003  00003 
131  0016  05  OOOOO  000 1 9  OOO 1 9 
131  0016  06  OOOOO  00008  00008 
131  0016  07  OOOOO  00012  00012 


- 
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01  06  03779  02 
01  06  03779  02 
01  06  03779  02 
01  06  03779  02 
01  06  03779  02 
01  06  03779  02 
01  06  03779  02 
01  06  03779  02 
01  06  03779  02 
Ol  07  04680  Ol 


131  0002  06  OOOOI  OOOOO  OOOO 1 
131  0025  09  OOOOO  00004  00004 
131  0025  11  OOOOO  00003  00003 
13  1  0025  '12  OOOOO  00002  00002 
131  0025  13  OOOOO  OOOOI  OOOOI 
131  0080  15  OOOOO  OOOOI  OOOOI 
131  0010  20  OOOOO  00004  00004 
131  0019  22  00005  OOOOO  00005 
131  0004  22  OOOOO  OOO 1 1  OOOII 
156  0001  01  OOOOO  OOOOI  OOOOI 


01  07  04680  01 
01  07  04680  01 
01  07  04680  01 
01  07  04680  01 
01  07  04680  01 
01  07  04680  01 
01  07  04680  01 
01  07  04680  01 
01  07  04680  01 
Ol  07  04680  01 
01  07  04680  01 
01  07  04680  01 
01  07  04680  01 
01  07  04680  01 
01  07  04680  01 
01  07  04680  01 
01  07  04680  01 
01  07  04680  01 
Ol  07  04680  Ol 
01  07  04680  01 
01  08  04677  02 
01  08  04677  02 
01  08  04677  02 
01  08  04677  02 
01  08  04677  02 
01  08  04677  02 
01  08  04677  02 
01  08  04677  02 
01  08  04677  02 
01  08  04677  02 
01  08  04677  02 
01  08  04677  02 
01  08  04677  02 
01  08  04677  02 
01  08  04677  02 
01  08  04677  02 
01  08  04677  02 
01  08  04677  02 
01  08  04677  02 
01  08  04677  02 
01  08  04677  02 
01  08  04677  02 
01  08  04677  02 
01  08  04677  02 
01  08  04677  02 
01  08  04677  02 
01  09  05577  01 
01  09  05577  01 
01  09  05577  01 
01  09  05577  01 
01  09  05577  01 
Ol  09  05577  01 
01  09  05577  01 
01  09  05577  01 
01  09  05577  01 
01  09  05577  01 
Ol  09  05577  01 
01  09  05577  01 
01  09  05577  01 
01  09  05577  01 


156  OOO 1  02  OOOOO  OOOOI  OOOOI 
156  OOO 1  03  OOOOO  00004  00004 
156  0001  04  OOOOO  00008  00008 
156  OOOI  05  OOOOO  00010  00010 
156  0001  06  OOOOO  00011  00011 
156  0001  07  OOOOO  OOOOI  OOOOI 
156  0001  08  OOOOI  00002  00003 
156  0001  09  00002  00002  00004 
156  0001  10  00004  00004  00008 

156  OOOI  11  OOOOO  00002  00002 
156  0016  03  OOOOO  00005  00005 
156  0016  04  OOOOO  OOOOI  OOOOI 
156  0016  05  OOOOO  00003  00003 
156  0054  13  OOOOO  OOOOI  OOOOI 

156  0054  14  OOOOO  00003  00003 

156  0010  18  OOOOI  OOOOO  OOO0 1' 
156  0010  20  OOOOO  OOOOI  OOOOI 
156  0003  17  OOOOI  OOOOO  OOOOI 
1 56  0006  2 1  00002  OOOOO  00002 
156  0046  06  00004  OOOOO  00004 
150  0002  02  OOOOI  OOOOO  OOOOI 
150  0002  03  00003  OOOOO  00003 
150  0002  05  OOOOO  OOOOI  OOOOI 
150  0007  03  OOOOO  00005  00005 
150  0007  04  00002  OOOOI  00003 
150  0007  05  00004  OOOOI  00005 
150  0007  06  OOOOI  OOOOO  OOOOI 
150  0007  07  OOOOI  OOOOO  OOOOI 
150  0025  07  OOOOO  OOOOI  OOOOI 
150  0025  08  OOOOO  OOOOI  OOOOI 
150  0025  09  OOOOO  00002  00002 
150  0025  10  OOOOO  OOOOI  OOOOI 
150  0027  13  00003  00002  00005 
150  0027  14  00008  00003  00011 

150  0027  15  00006  OOOOO  00006 
150  0027  16  00006  OOOOI  00007 
150  0027  17  00003  OOOOO  00003 
150  0027  18  00002  OOOOO  00002 

150  0027  19  OOOOI  OOOOO  OOOOI 

150  0005  15  OOOOI  OOOOO  OOOOI 
150  0010  15  OOOOI  OOOOO  OOOOI 
150  0010  21  00002  OOOOO  00002 
150  0006  17  OOOOO  OOOOI  OOOOI 
150  0006  21  OOOOI  00002  00003 
150  0004  22  00025  00004  00029 
150  0014  22  OOOOO  OOOOI  OOOOI 
148  0001  01  OOOOO  00008  00008 
148  0001  02  OOOOO  00005  00005 
148  0007  03  OOOOI  OOOOO  OOOOI 
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